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5 METHODS AND COMPOSITIONS FOR ALTERING PHYSICAL 

CHARACTERISTICS OF FRUIT AND FRDIT PRODUCTS 

10 CROS S-REFERENCE TO RELATED APPLICATTOMC 

This application is a continuaticn-in-Dctrt cf 
i5 U.S. application Serial No. 265,586 filed November 1, 
^988 , wnich is a continuation-in-oart of U S 
application Serial No. 262,442, filed October 25, 198* 
vhxch is a continuation-in-part of U.S. application 
20 Serial No. 209, 430 , filed June 21, i 988 , whicn 
applications are hereby incorporated herein by 
- rererence . 

2 5 INTRODUCTION 
Technical Field 

This invention relates to the use of carbohy- 
drate polymers to alter the physxcal characteristics of 
j-ruit and fruit products. 



30 



35 



Background 

Of significant interest to the fruit-process- 
ing industry are the physical characteristics of -uit 
such as the soluble solids composition of rioe f^uit 
Soluble solids affect storage, handli:;, commercial ' 
processing and cooking of the fruit. Of particular 
interest is optimization of soluble solids 
characteristics of succulent fruit with regard to 
properties such as consistency and/or viscosity. 

In various applications, fruit having 
increased soluble solids, increased or decreased 
viscosity, or increased or decreased consistency < s 
oesired. Increased soluble solids may be a function of 

smk strength," the ability of the olant to 
translocate carbon to the fruit. Increased - s ;- k 
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activity is especially useful in fruit where high 
soluble solids content is desirable, such as tomatoes 
for processing into tomato-based products. Other 
important fruit characteristics include properties 
5 which relate generally to the cohesiveness of a 

homogeneous mixture of the fruit and the viscosity of 
the serum which remains after the pulp is removed 
through centr if ugat ion . 

Any modifications to fruit soluble solids, 
10 should not however have adverse effects on other 

desirable qualities or development of the plant or 
fruit. This includes consideration of the physiolo- 
gical consequences of the soluble solid, such as 
effects of osmotic potential, and/or any subsequent by- 
15 .products on the plant, fruit and/or end-user, 

particularly, when the fruit is used for food. It is 
especially desirable that methods and compositions are 
developed to modify soluble solids which are safe for 
human consumption . 
20 It is therefore of interest to obtain fruit 

having an altered carbohydrate content which may thus 
result in modified characteristics of the fruit or 
fruit products. In particular, methods and 
compositions for transforming a plant to produce fruit 
25 having modified solids characteristic are desirable. 

Furthermore, it is desirable not only to transform the 
plant cell, but also to obtain i £^tered carbohydrate 
composition at a particular stage in the growth of the 
plant, particularly fruiting. In addition, it is 
30 desirable that modification occur not only in a 
particular tissue, such as fruit, but also in a 
particular compartment of that tissue, such as the 
aooolast. It is therefore important to be able to 
exoress the carbohydrate polymer of interest using DKA 
25 secuences which provide for the desired regulation of 
expression in the plant host. 
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Relevar. t Literature 

cDNA clones from tomato displaying differen- 
tial expression during fruit development have been iso- 
lated and characterized ( Mans son e_t al. , Mol. Gen. 
5 Genet . (1985) 200:356-361; Slater et al. , Plant Mol. 

Bicl . (1985) 5:121-141). The studies have focused pri- 
marily on mRNAs which accumulate during fruit ripening. 
One nf the proteins encoded by the ripening-specific 
cDNAs has been identified as polygalacturonase (Slater 

10 £i ii-' Plant Mol. Biol . (1985) 5:137-147). A cDNA 

clone which encodes tomato polygalacturonase has been 
sequenced. Grierson e_t al. , Nucleic Acids Research 
(1986 ) 8395-8603 . The concentration of polygalac- 
turonase mRNA increases 2000-fold between the immature- 

15 'green and red-ripe stages of fruit development. This 
suggests that expression of the enzyme is regulated by 
the specific mRNA concentration which in turn is regu- 
lated by an increase in transcription. DellaPenna e_t 
al., ?:oc. Natl. Acad. Sci. USA (1986) 82:6420-6424, 

20 In vitro synthesis and processing of tomato fruit 

poiygalactur anase has been described. DellaPenna e_t 
al. Plant Physiol (1988) 36: 1057-1063 . Mature plastid 
mRNA for psbA (one of the components of photcsys tern II) 
reaches its highest level late in fruit development, 

25 whereas after the onset of ripening, plastid mRNAs for 
other components of photosystem I and II decline to 
nonde tec table levels in chr omopias ts . Piechulla et 
al., Plant Mol. Biol. (1986) 7:367-376. 

3 0 SUMMARY OF THE INVENTION 

Novel compositions and methods are provided 
for modifying the soluble solids composition and 
physical characteristics of fruit and fruit products. 
The compositions include a novel DNA sequence encoding 

3 5 Leuconostoc mesentercides . The met nods involve trans- 
forming a plant cell of interest with an expression 
cassette functional m a oiant cell comorisinc a trans- 
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cnpticnal and transiat icnal initiation regulatory 
region, joined in reading frame 5 * to a DMA sequence 
encoding an enzyme capable of polymerizing a 
cargohydrate comprising at least one hexose moiety to 
5 form a car bcny crate polymer and t ranslat ional and tran- 
scriptional termination regions. To provide for 
transport of the enzyme to a specific cellular 
compartment, a DNA sequence encoding a transit peptide 
.i-.ay be included in the expression cassette. Expression 

] 0 of the enzyme provides for an increase in the soluble 
solids composition of the fruit as a result of 
increased production of carbohydrate polymer. Of 
particular interest is the replacement of fruit soluble 
solids such as sucrose with carbohydrate polymers such 

15 ^ as dextran or ievan , depending upon the desired 

properties of the fruit or fruit products. Increased 
concentration of carbohydrate polymer in fruit can be 
used to alter not only the soluble solids composition 
of tne fruit, but also characteristics, for example 

20 viscosity, of fruit products. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the integration of dextran- 
sucrase in tomato fruit metabolism. 

Figure 2 shows restriction maps of dextran- 
sucrase (DS) clones pCGN1222, pCGN1223 and SALI partial 
digests of pCGN1222 (-16, -18, -1, and -59). 
PCGN1222-12 is a 3am HI deletion of pCGN1222. Each 
piasmid was transformed into E. coli DH1 and extracts 
were assayed for DS activity (activity = cpm 
14C-gIucose incorporated into dextran): S = Sai l ; 

? = PstI; X = Xba l ; E = Ecc RI ; 3 = Bam HI ; K = Kpnl . 

Figure 3 shows tne restriction map of L . 
meser.tercices cext ransucrase gene clone in tne \-fix 
vector (ds-18) and its derivatives m po T C19. Arrows 
indicate the direction of the lacZ promoter. The 
expression of dext ransucrase activity of eacn clone in 



W0 89/1T386 * m - ^PCr/LS89/02T29 



-* cc ^ 1 15 a - s0 shewn. 3, Bam HI ; E, Fco RI ; H , Hin di 1 1 ; 
K, Ken I; ?, ?st I ; R f £ccRV; S, Sail; Sc, Sac! ; Sp, 
Son!; X, Xbal. 

Figure 4 shews the nucleotide sequence and 
5 flanking regions of the dex t ransucrase gene from L. 

mesent ere ides . Numbering begins at the 5' end of the 
sequence. The deduced amino acids are those matching 
i r,p f c u - n^etide sequence and the boxed amino acids are 
throse matching the four peptide sequences deduced from 
10 amino acid sequence analysis. An arrow designates the 
proposed cleavage site for signal sequence removal. 
Putative promoter and ribosome binding site sequences 
are underlined. Inverted repeated sequences are 
underlined with broken arrows. 
15 - Figure 5 shows the amino'acid analysis profile 

of the dext ransucrase protein. Plotted is an average 
of three analyses. Cys and Trp percentages could not 
be determined under HC1 cleavage conditions. Error 
bars indicate standard deviation. Protein sequence 
20 matches located within the translated DNA sequences are 
under 1 i ned . 

Figure 6 shows a map of the 2A11 genomic 
clone. The transcriptional start site, the 
polyadenyiat ion site, the start (ATG) and stop (TGA) 
25 sites and the position of the intron are indicated. 

The hatched region indicates the port: on of the genomic 
clone that was used to make the tagged 2A11 
constructions. The bottom portion shews the regions 
used to construct the 2A11 cassettes including the 
30 synthetic oligonucleotide used to insert restriction 
sites and reconstruct the 3' end. 

Figure 7 shows the 2AI1 cassette pCGNl 2 41 
containinc the amoicillin resistance cene. 

Figure 3 shows a strategy for construction of 
35 a PC P -generated dextrar.su erase construct. 

Figure 9 shews a strategy cf construction of 
35S/dextransu erase and 2 A 1 1 e e x transferase z ; n a r y 
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vectors. 

Figure 10 shows a strategy fcr construction of 
a full length dext r ansucrase construct. 

Figure 11 snows a strategy for cloning ?G 
5 leader in front of a dex t r ansuc r ase gene. 

Figure 12 is a Northern analysis of leaves 
from plants transformed with 3. subtilis levansucrase 
(LVS) gene. 

(A) Two transf crmancs (*i-2, 8-2) con- 
10 tain transcripts that hybridize to the LVS probe, how- 
ever only one transformant (8-2) is producing a full- 
length transcript (-2 kb). 

(3) mas 5 ' -LVS- mas 3' construct in 

PCGN1205 . 

15 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
In accordance with the subject invention, 
novel DNA sequences, DNA constructs, methods and 
compositions are provided which permit modification of 

20 the soluble solids composition of fruit by means of an 
increased synthesis of carbohydrate polymer from 
car Dehydrates such as sucrose which comprise at least 
one hexese moiety. Plant cells are transformed with an 
expression cassette comprising a DNA sequence encoding 

25 a an enzyme such as a sucrase capable of polymerizing a 
carbonydrate such as sucrose to form a carbohydrate 
polymer. liming of expression and/or tissue 
specificity, may be provided by the use of trans- 
criptional regulatory regions having the desired 

30 expression specificity. The DNA sequence may also 
include a DNA sequence encoding a transit peptide 
recognized by the plant nest to provide for targeting 
to a specific compartment within a tissue of interest, 
such as fruit apoplast. 

25 Modification of tne soluole solids composition 

of a fruit offers potential means to alter specific 
properties of tne fruit. By " mod i f i ca t i on of :ne 



W0 89/-L36 PCT/LS89/02"29 



soluble solids composition of fruit" is intended the 
replacement of sucrose, glucose and fructose or other 
soluole sugars with carbohydrate polymers. Of special 
interest are carbohydrate polymers which are not 
5 readily degraded. Although degradation of the polymer 
may be useful to achieve desired properties in some 
instances/ most preferred is an investment in solids 
vhica will not be withdravn lat^r by degradation or 
other means. A related concern is the potential for an 
10 undesired accumulation of hexose monomers which may 
cause stress to the cell. Thus, polymers which are 
"unfamiliar" carbohydrate polymers, i.e., polymers 
which are not naturally found in the particular plant 
host of interest, may have special use because the 
15 ' plant is unlikely to possess an enzyme capable of 
degrading the unfamiliar polymer. 

In addition to the effects of a modified 
carbohydrate profile from replacement of sucrose 
carbons with carbohydrate polymer carbons, the soluble 
20 solids of the fruit may be increased by the stimulation 
of added carbon flow to the fruit. If the draw of 
sucrose to carbohydrate polymer strengthens carbon-sink 
activity in the fruit, a corresponding increase in 
soluble solids may be achieved. 
25 Considerations for use of a specific sucrase 

in frv.it for the conversion of mcrose to a 
carbohydrate polymer include pH optimum of the enzyme, 
the availability of substrate and cc-factors required 
by the enzyme. The sucrase enzyme of interest should 
30 have kinetic parameters compatible with the biochemical 
found in the host plant ceil. For example, sucrase may 
have to compete for substrate with other enzymes, such 
as invertase. Analysis of the K and specific activity 
of the enzymes in question should be considered in 
25 determining the suitability of a sucrase for polymer 

production in a given host plant. Furthermore, in some 
cases, it may be desirable to target the enzyme to a 
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specific location. 



For example, in :caa:o it i 



cesired to target the sucrase to the apcpiast. The 
enzyme would thus need to be one which can function 
under conditions present in the apcpiast. 

For purposes of this invention, it is 
preferable to replace the native soluble solids with 
carbohydrate polymers which have, for example, 
different viscosity and/or consistency coefficients 
from the soluble solids of the fruit host. Replacement 
of tomato solids with levan, a viscous carbohydrate in 
pure solution, reduces gross viscosity and serum 
viscosity of tomato paste under simulated processing 
conditions. Replacement of tomato solids with dextran 
increases the cross viscosity of tomato paste. Thus 
the use of levansucrase and dextransucrase constructs, 
respectively, are of particular interest. 

To provide for an increased expression of 
sucrase in a plant, a plant cell is transformed with an 
expression cassette which includes in the 5 '-3' direc- 
tion of transcription, a transcriptional and trans- 
itional initiation region functional in a plant cell; 
a structural gene encoding a sucrase, preferably in- 
cluding a sequence encoding a transit peptide in 
reading frame at the 5 '-terminus, where the transit 
peptide directs transfer of the sucrase to the apc- 
piast; and a transcriptional and translaticnal 
termiration regulatory region. S y sucrase is intended 
an enzyme capable of converting sucrose to a 
carbohydrate polymer. The initiation and termination 
regulatory regions are functional in the host slant 
ceil and may be either homologous or Heterologous to 
the host plant. 

The sucrase gene may oe derived from prckarvo- 
^-C sources, for examoie, c»np^ ^ - ^ Q , , _ _ _ _ 



other giycosy: 

glucose moiety of sucrose to form dextr 



ansf erases, which polymerize the 

, mav oe 



retained from vari^nc: c ^ & , 
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Streptococcus , including the soil bacterium L. 
mesenteroides . Genes for ievansucr ase , which catalyzes 
tne conversion of sucrose to ievan, a fructose polymer 
and free Glucose, may be obtained from a variety of 
5 species of bacteria, for example, Aercbacter levanicum , 
St rectococcus sal ivar ius and Bacillus subtilis . 
Preferentially the dext ransucrase gene is derived from 
Leuconostoc r^sejvte r Qidjvs and the ievansucrase is 
derived from 3acilius subtilis . The DNA sequence 
10 encoding L. mesenteroides dext ransucrase is provided. 

Dext ransucrase derived from L. mesenteroides strain B- 
512F catalyses the polymerization of branched dextrin 
(95% al->6 linkage and 5%-l->3 branched linkages) from 
sucrose. In contrast to St r eptococcus strains, which 
15 , typically produce several distinct giucosy 1 t rans f er- 
ases, 1 . Mesenteroides 3-512? produces only one glyco- 
syl transferase , and at high levels. Comparison of the 
deduced amino acid sequence of dext ransucrase with 
other sequenced proteins (data base) revealed partial 
20 homologies with two other clucoslyt ransf erase 

proteins: ct f 3 from S. sob: inus (41.5%) and ct £3 from 
S . mutants (41.7%). 

Eukaryctic sources, including plant sources, 
such as Jerusalem artichoke and some grasses, may also 
25 find application. Examples of plant enzymes which also 
may be used include those involved in the synthesis of 
fructans from sucrose from a variery of sources (see, 
for example, Bhatia et al., Phvtochem. (1979) 13:923- 
927; Edeiman et al. , New Phvtol . (1963) 57 : 517-553; 
30 Henby et al . , Phvtochem. (1980) 19:1017-10 20; 

Satyanarayana , Ind. J. Biochem. Biophys. (1976) 13:261- 
266; Shiomi, Agric. Biol. Chem. (1980) 44:603-614; 
Shiomi, Carbohydrate Research (1 98 1) 9 6 : 2 8 1-29 2 ; 
Shiomi, Carbohydrate Research (1 9 8 2) 9_9 : 1 5 7 - 1 6 9 ; and 
25 Smoh, Phvtochem. (1971) 10 : 2 0 27-20 39). 
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The structural gene fcr the sucrase may be 
obtained in a variety of ways. The gene may be* synthe- 
sized in whole or in part, particularly where it is 
desirable to provide plant preferred codons . Thus, all 
5 or a portion of the open reading frame may be synthe- 
sized using codons preferred by the plant host.' Plant 
preferred codons may be determined from the codons of 
highest frequency in the proteins expressed in the 
largest amount in the particular plant species of 
10 interest. 

Methods for synthesizing sequences and bring- 
ing the sequences together are well established in the 
literature. Where a portion of the open reading frame 
is synthesized, and a portion is derived from natural 
sources, the synthesized portion may serve as a bridge 
between two naturally occurring portions, or may pro- 
vide a 3 '-terminus or a 5 '-terminus. Particularly 
where the signal sequence and the open reading frame 
encoding the sucrase are derived from different genes, 
synthetic adapters commonly will be employed. In other 
instances, pclyiinkers may be employed, where the vari- 
ous fragments may be inserted at different restriction 
sites or substituted for a sequence in the polyiinker. 

The sucrase structural gene may be derived 
from cDNA, from chromosomal DMA or may be synthesized 
in whole or in part. For the most part, some or ail of 
the sucrase structural gene will b- f . cm a natural 
source or genes substantially homologous to such 
sequences. m some situations it may be desirable to 
modify all or a portion of the codons, for examoie to 
enhance expression, by employing host-preferred 
codons. Methods for identify, 
have found extensive exempiif. 
although m individual situat. 



20 



25 



30 



.ng sequences of interest 
.cation in the literature, 
.ens, different decrees of 
cirticuity may be encountered. Various technicues 
include the use of probes where cenomic or cDN" 
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ces. Where the structural gene to be inserted is de- 
rived f r cm prokaryctic ceils, it is desirable to 
minimize tne 3' non-coding region of the prokaryctic 
gene. The substantial absence of this untranslated 
5 region can have a positive effect on the transcription, 
stability, and/or translation of the mRNA in the plant 
cells . 

When the structural gene is other than a plant 
gene, in order to have expression of the gene in a plant 
10 cell transcriptional and t ranslat ional initiation regu- 
latory regions functional in a plant cell must be pro- 
vided. Promoters and translation initiation signals 
functional in plant cells include those from genes 
which are present in the plant host or other plant spe- 
15 cies, for example the ribulose bisphcsphate carboxylase 
small subunit transcriptional initiation region, for 
example from tobacco; those present in viruses such as 
the cauliflower mosaic virus (CaMV), for example the 
35S transcriptional initiation region; and those asso- 
20 ciated with T-DNA such as the opine synthase transcrip- 
tional initiation regions, for example, octopine, man- 
nopine, agrcpine, etc. Of particular interest is a 
transcriptional initiation region in a construct 
comprising two 255 promoters in tandem; fruit specific 
25 promoters, e.g. 2A11 (see co-pending application). 

The regulatory regions may oe homologous 
(derived from the original host) or heterologous 
(derived from a foreign source, or synthetic DNA 
sequence) to the plant host. In order to join the 
30 promoter(s) to the structural gene, the non-coding 5' 

region upstream from the structural gene may be removed 
by endcnuciease restriction. Alternatively, wnere a 
convenient restriction site is present near the 5' 
terminus of tne structural gene, the structural gene 
35 may be restricted and an adapter employed for linking 
the structural gene to a promoter region, wnere tne 
adaptor provides for lost nucleotides of tne structural 
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gene . 

Transport of the sucrase into a ^articular 
cellular co-par tment may be accomplished "bv the use ^ 
a ::ar.si: peptide to target a cellular compartment of 
interest , ^sucn as the apcplast. The transit peptide is 
inserted following the promoter sequence(s). The 
transit peptide and processing signal may be derived 
rrcm any plant protein which is expressed in the 
cytoplasm and translocated to the cellular comoartm^ 
or interest. The transit peptide can be identified by 
comparing the messenger RNA from the oarticular 
polypeptide with the mature product. The amino ac'd 
sequence absent from the mature protein and coded for 
oy the messenger beginning at the initiation codon, 
usually a methionine, will normally be the transit se- 
quence. Fragments from the natural transit seauence 
wmcn retain their transport activity can also be used. 
The transit peptide is the sequence caoable of direc- 
ting a peptide joined to the transit peotide to the 
cellular compartment of interest and may be the wnole 
wild-type transit peptide, a functional fragment 
tnerecf, or a functional mutant thereof. The full 
natural sequence is also included. 

Tor the most part, the transit peptides from 
one plant are generally recognized ov other slants 
Thus the transit peptide may be native to or heterolo- 
gous to. the ultimate host in which the chimeric gen* 
comprising the structural gene and transit oeotide < s 
introduced. Transit peptides may come from tomato or 
other fruits or vegetables. The transit neotide „ni 
usually nave at least about 20 ammo acids and not more 
than about 100 amino acids. Transit peptides of 
particular interest include leader secuences from ce^es 
encoding apcplast proteins produced m the cvtoolasm, 
' n8n tr ---ooated to the apcplast. Such proteins 
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include polygalacturonase (see Sheeny et a_l. , Mcl. Gen. 
Genet. (1967 ) 208 :30-36) , a cell wail enzyme implicated 
"in tne softening of fruit during ripening. 

The termination region may be derived from the 
5 2 '-region of the gene from which the initiation region 
was obtained cr from a different gene. The termination 
recion may be derived from a plant gene, particularly 
rhe tobacco ribulose biphosph^te carboxylase small sub- 
unit termination region; a gene associated with the 
10 Ti-piasmid such as the octopine synthase termination 
region; or the tml termination region. 

In developing the expression cassette, the 
various fragments comprising the regulatory regions and 
open reading frame may be subjected to different 
15 processing conditions, such as ligation, restriction 
enzyme digestion, resection, i_n vitro mutagenesis, 
primer repair, use of linkers and adapters, and the 
like. Thus, nucleotide transitions, t ransver sions , inser- 
tions, deletions, or the like, may be performed on the 
20 DNA which is employed in the regulatory regions and/or 
open reading frame. The expression cassette thus may 
be wholly or partially derived from natural sources, 
and either wholly or partially derived from sources 
homologous to the host ceil, cr heterologous to the 
25 host cell. Furthermore, the various DNA constructs 
(DNA sequences, vectors, plasmids, expression 
cassettes) of the invention are isolated and/or 
purified, or synthesized and thus are net "naturally 
occur r ing " . 

30 During the construction of the expression cas- 

sette, the various fragments of the DNA will usually be 
cloned in an appropriate cloning vector, wnion allows 
for amplification of the DNA, modification of tne DNA 
cr manipulation by joining cr removing of sequences, 

25 lingers, cr the 1 1 k e . Normally, tne vectors will oe 
capable of replication m at least a relatively men 
cccv numoer m E. coil. 
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A number of vectors are readily available for 

cloning, including such vectors as ?3R322, P UC series, 

Ml 3 series, etc. The cicninc ve^-o- u in = 

^v.o. will r.ave cr.e cr 

more markers which provide for selection for t-an = f-- 
mants. The markers will normally provide for resis- 
tance to cytotoxic agents such as antibiotics, heavy 
metals, toxins, or the like. 3y appropriate restric- 
tion of the vector and cassette, and as appropriate., 
modification cf the ends, by chewing hac* or filling ■: n 
overhangs, to provide for blunt ends, oy addition of 
linkers, by tailing, complementary ends can be provided 
ror ligation and joining of the vector to the expres- 
sion cassette or component thereof. 

After each manipulation of the DNA in t* = de- 
15 velopment of the cassette, the plasmid will be cloned 
and isolated and, as required, the particular cassette 
component analyzed as to its sequence to ensure that 
the proper sequence has been obtained. Deoendinc upon 
the nature cf the manipulation, the desired seouence 
may oe excised from the plasmid and introduced "into a 
cifferent vector or the plasmid may be restricted and 
tne expression cassette component manipulated, as 
appropriate. The manner of transformation of E . coli 
with the various DNA constructs (piasmids and v — ses) 
25 for cloning is not critical to this invention. 
Conjugation, transduction, transfecticn or 
transformation, for example, calcium chloride or 
Phosphate mediated transformation, may be employed. 

Depending upon the manner of introduction cf 
the expression construct into the plant, other DN* 
sequences may be required. Commonly, the expression 
cassette will be joined to a replication system func- 
tional m proK.aryotes, particularly E. coli, 



20 



30 



a. low for cionma of the expression casse: 



so as to 

: e 

ticn, sequencing, analysis, and the like. Included 
with tne replication system 



jsuciiy be one or more 
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markers usually involving biocide resistance, ror exam- 
ple antibiotic resistance; heavy metal resistance; 
toxin resistance; ccmplemen ta t ion , providing photo- 
trophy to an auxotrophic host; immunity; etc. Where 
5 the DNA will be microin jected into the host cell, a 

marker will usually be desirable which allows for sel- 
ection of those cells in which the injected DNA has 
becomo integrated and functional. Thus, markers will 
be selected which can be detected in a plant host. 
10 Alternatively, one may use agrobacteria as a 

vector for introducing DNA into a plant cell host. A 
first host vector is transformed with an extrachro- 
moscmai element or plasmid capable of maintenance in 
said first host, where said ext rachromosomal element is 
15 characterized as being self-t ransmissable or capable of 
mobilization with a second helper ext rachromosomal 
element; being capable of conjugal transfer to agrobac- 
teria; containing predetermined DNA segments comprising 
foreign nucleic acid sequences, such as foreign DNA , 
20 encoding a peptide or other genetic information or 

interest capable of replication, transcription and usu- 
ally translation in a host cell; and at least one DNA 
segment homologous with target DNA in agrobacteria, in 
said agrobacteria, either chromosomal or extrachrc- 
25 moscmai; and optionally a marker for selection. 

Generally, the ext rachr cmosonai elements comprise a 
vector having a repliccn or replication system having a 
narrow host range. That is, the ext rachromosomal 
elements are capable of maintenance and replication in 
* 30 a first host which is capable of conjugation with 

agrobacteria having the target DNA, but the vector is 
incapable of maintenance in the agrobacteria so -hat 
tne agrobacteria is rapidly cured. In this way, in the 
absence of intecration of at least a portion or tne 
25 ext racnromoscmal composition, tne ext rachr omosomal DNA 
will oe lest in the agrobacteria. Thus, the DNA of the 
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a stable genetic element cf the agrobacteria. 

The repiiccn may come from a plasmid, virus, 
or other source which allows for stable maintenance in 
the first nest. The first host will normally oe a pro- 
karycte, particularly E . cell. 3y employing a vector 
capable of replication m Z. coli and other enteric 
hosts (narrow range), the vector will not be replicated 
and maintained m non-enteric Gram negative bacteria. 
The excrachrcmusomal element .nay therefore be a plasmic 
or virus (phage) or other DMA , which provides the 
requisite properties. 

The extrachromcsomal element may also have a 
mobilization locus, and be sel f-t ransmissable , or capa- 
ble of conjugal transfer by trans-complementation with 
a helper plasmid having the necessary genes for trans- 
fer, e.g., tra. Conveniently, the extrachromcsomal DMA 
and the helper plasmid will be initially employed in 
different cells, employing tripartite mating, or a 
variation thereof, rather than dual mating, so that in 
y_i^ro introduction of both the ext rachromoscmai DNA and 
the helper plasmid into the first host cell prior to 
conjugal transfer is not required. The helper plasmid 
will nave the necessary function for conjugal mcbiliza- 
oility (transfer), as well as a functioning reolication 
system. Another characteristic is the presence of a 
DNA sequence in the extrachromcsomal element of at 
least atout 50bp which is at leas;, substantially homo- 
logous with DNA present in the agrobacteria to provide 
tor efficient integration. 

The homologous DNA m the agrobacteria which 
serves as the recombination locus may be chromosomal or 
extra chromosomal. Of particular interest is the T-DNA 
region of the Ti plasmid, the region of the Ti olasmid 
between tr.e left and right borders. The recion c: 
hemciocy may include regions encoding proteins, regu- 
latory regions, or non-encoding regions and need not 
have oerfeot r.r-.r ' . 
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substantial homology with the target DNA op. both sides 
cf the sucrase expression cassette and in close 
proximity to the termini of the cassette DNA , the 
cassette ma v be inserted into the target host DNA with 
5 a minimum amount cf the remaining DNA of the 

ext r achromosomal element. Where it is desired to 
obtain normal plant cells and plants following 
transformation, the T-DNA sequences used to provide 
ncmc]09y will not include the tumor genes, or the tumor 
10 genes will have been rendered inactive using means well 
known to these skilled in the art. 

The region of homology will be of a sufficient 
size to provide for integration, and generally will be 
About 3000bp, more usually at least about lOOObp, 
15 conveniently 500bp, and may be iOObp or 50bp as to each 
of the fragments. The region of homology is generally 
present in two segments flanking the nucleic acid 
sequence of interest, the total number of bases of the 
segments generally not exceeding about 2000bp. The two 
20 segments generally not exceeding about 2000bp. The two 
segments may be the same or different, both as to size 
and sequence, or may be a wild type or mutant T-DNA 
sequence, interrupted by the intervening sequences; 
alternatively, one T-DNA sequence will suffice as 
25 described by Comai et al. , Plasmid (1983 ) 10 : 21-30 . 

The use of T-DNA for transformation of plant 
ceils has received extensive study and is amply de- 
scribed in EPA Serial No. 120,516, Hoekema, In: The 
Binary Plant Vector System , Of f se tdrukker i j Kanters 
30 3. V., Aiblasserdam, 1985, Chapter V, Knauf, et al., 

"Genetic Analysis of Host Range Expression by Acr obac- 
cerium", In: Molecular Genetics cf the 3acter ia-?Iant 
Interaction, Punier , A. ed . , Spr maer-Ver lac , NY, 1983, 
p. 245, and An et al. , EM 30 J- (1985) 4:277-234. 
25 Conveniently, explants, cotyledons, or other 

plant tissue may be cultivated with A. tumef aciens or 
A. rr.izcaer.es to allow for transfer cf tne expression 
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construct to the plant ceils, the plant cells dispersed 

\ s e-ec.we u.eaium ror selection, grown 

LOiiw, snoots grown a-r -^rMo.n 

y a " c y*anJets regenerated from 

tne callus bv crow'nc ; n 

- ^'^ W -"S -- n - -oc,:ng medium. The agrcbac- 

.er.um r.ost will contain a piasraid having tne vir cenes 
necessary for transfer of the T-DNA to the slant «ii S 
anc may or may not have T-DNA. If the expression 
construct is to be inserted into the host cell by 
,r ° £Ctx0n °' ; ^cooperation, disarmed Ti-olasmids 
(lacking the tumor genes, particularly the" T-DNA 
region) may be used. 

Various techniques exist for determimna whe- 
ther tne des-red DNA sequences present in the plant 
cell are .Integrated into the genome and are being --n- 
^5 scribed. Techniques such as the Northern Wot ca~ be 
employed for detecting messenger RNA which codes for 

the sucrase. In acr^-Vn ► 

acc._cn, tne presence of expression 

can oe detected in a variety of ways, such as assaying 
- or *™y™ activity or immunoassay for the crctem" 
product, a desired phenotype in this case is -he 
presence of increased solids as polvmers in t*e r^a- 
rruit, especially the presence of dextran or levant 
The ceils which have been transformed may be 
grown mto plants in accordance with conventional ways 
See, ror example, McCormick et al., Plant Ce^ ^oc~ S 
(1986 ) 5 : 81-34. These plants may then be crown/and 
either policed with the s,~, :.^f crmed strain or 
c^rerent strains, identifying the resultina hybrid 
having the desired phenotypic characteristic ~wo o- 
-ore generations may be grown to ensure that the sub- 
ject pnenotypic character s-c ^ 

-e.-s-.c _s StcDiy maintained and 

^r.entec and then seeds harvested for use to provide 



'-its with ~ 



tne new pnenotypio prcoertv, oart— 

increased solids cue to o-du-^i ~ ~- ■ ■ - 

-i.wou. _n _ carocnvcra-=» 

pciymers, especially ievan and dextran. 
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products destined for human consumption. Thus, the 
safety cf any feed additive is an important 
'consideration. Oextran is used clinically as a blood 
plasma extender. It formerly had U.S. "G.R.A.S." 

5 (generally recognized as safe) status as a food 

additive, but was dropped from the list solely due to 
disuse. One mole of glucose or fructose is released by 
-;ne respective reactions cf dext r ansucr ase and 
levansucrase for each mole of sucrose consumed. Thus, 

10 even massive sucrose conversion should not "starve" the 
other metabolic needs of the fruit. Since the osmotic 
potential of one mole of sucrose is relatively 
ecuivaient to one mole of glucose or fructose monomer, 
the plant additionally will not be stressed a-nd yield 

15 affected. 

The following examples are offered by way of 
illustration and not by limitation. 



2 0 EXPERIMENTAL 

E. Coli 71-1.8; pCGN7 8 3 was deposited with the 
American Type Culture Collection (ATCC), 12301 Parklawn 
Drive, Rockviiie, Maryland, 20852, on December 22, 1988 
and given Accession No. 67868. 
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Example 



Effects of Carbohydrate Polymers 
on Viscosity of Tomato Paste 

Effects on Viscosity 
30 Polymers in water were added to tomato paste, 

which was then evaporated to achieve the desired level 

cf total solids for each measurement. 

experiments, the polymer replaces pa: 

solids. As a result, no change m the viscosity cf the 
35 paste would be expected if the viscosity cf the added 

polymer is equal to the average viscosity cf tne tomato 

so' ids that were replaced. 
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A. Levan 



Modeling studies were done with levan from 
Aer enact er levanicum. This polymer is sim^a- <rT" 
structure tc the levan produced* by Stre^o'coccus" 

_ ^.nougn levan is very viscous m sure 

solution, tne polymer appears to break down under 
simulated tomato processing conditions. Thus, i evan 
causey reductions in the gross viscosity and the" seru* 
■ ■^--'-'-y — '-ne tomato past- (Table 1). 



Table 1 

Effect Of Levan O n 
Tomato *»a ste ViscoaTrv 

Hot break 

t0maC ° jU1CS ^i£L_icml Ostwald , cenj ^n^ 
control 

■"■0.75! levan 



5.8 



4.5 

198 



597 



solids""" Ss°tw'^ enCy W " me * s ^ed at 10% total 
fro m ^ste S at^ ^otal Solids ? ~** °" ^ — 



B. 



dextran 



?rellminary reSults ^om addi,ior. of dextran 
to tomato paste suggested th^ a ^ 

y^estea tna. a dextran obtained from 

=™s^c .ese.toroides S . 512P lncreased 0 _ ald 
™^ ;n bothhot brMk paste ^ ^ 
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Table 2 

Effect Of Dextran On 
Tomato Paste viscosity 

Cold creak 

tomato paste Bostwick (cm) Qstwald (centisoles) 
control 7 5 152 

+0.5% dextran 9.5 297 

Hot break 

tomato Daste Bostwick (cm) Ostwald (centisoles) 



6.2 271 

+0.5% dextran 6.5 430 

Table 2 (cont'd) 

Bostwick consistency was measured at 13% total solids 
(cold break paste) or at 10. 8& total solids (hot break 
paste). Ostwald viscosity was measured on clear serum 
from oaste at 6% solids. 



20 

C . Inuiin 

Inuiin is a storage polymer produced by a 
number of higher plants which are grown for human 
consumption (e.g. Jerusalem artichoke and dandelion). 

, c No consistent effect on viscosity was observed when an 
inuiin suspension was added to tomato paste at room 
temperature. The inuiin used did not dissolve 
completely, however, unless heated to 80°C. Heating 
the inuiin together with the tomato paste provided a 

^ Q more accurate model of how the inuiin would be 

dispersed through the paste during processing. The 
temperature of the paste was tnen lowered for viscosity 
measurements. The result of this treatment was an 
increase in qrcss viscosity of the i nui i n-conta i ning 
oas te ( Table 3 ) . 
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Table 3 

_ - f -ecr Of ir.ulin On 
Tomato Paste Viscns : r v 



ia) Inuiin suspension added to cold break tomato paste 

Ostwald 

Trial control l^i^cm) (centiso leg L 



10 "0.5% inuiin 



9 



53 



Trial control 11<Q 



II 



■*-0.5% inuiin 



12.9 



65 



is (b) inuiin suspension added to hot break tomato paste 



Trial control 

± 

-0.51 inuiin 
Trial control 

-C.5I inuiin 



Ostwald 

3ostwick (cm) icentisples) 



6 . 0 
7.0 
5 . 5 



270 
271 
271 
225 



Inuiin heated together with cold break 



25 



paste. " W4 ' ur eaK tomato 



_ t . , Ostwald 
Bostwick fern) centisoles 

'rial control 11-Q 



30 Trial +0.51 inuiin 



6.5 ?9 



Dextransucracp ^— 

35 ^. °«trar. Sl :crase activity was assayed under 

conditions onosen to approximate tne environment -, e 
^om.to truit apoplast as follows: :o ,m sucrose, £0 ^ 



'— _pct/ls 8 9/o:-:9 



oluccse, 50 ~y. fructose, 2 mM TaCl 2 , 50 mM sodium 
acetate pH 4.2, 0.02% NaN 3 , 0.1 mg/ml Tween BO and 
■2 5 °C. (Daman e_t ai. Plant Physiol. (1938) 3 7:7 31- 
736) Dext ran polymer was isolated by ethancl 
5 orecioitat ion , lyophilized and redissolved in 0.02% 

NaN 3 . Dextran was assayed by the phenol-sulfur ic acid 
method using glucose as the standard. Under these 
conditions, asxu ansecrase converted most of th^ 
sucrose into dextran polymers. The results were as 
10 shown in Table 4. Gel filtration and dextranase 

digestion demonstrated that the dextran synthesized in 
vitro had a structure indistinguishable from that of 
native dextrans. Only small amounts of the acceptor 
reaction products leucrose and isomaltose were 
15 produced. Thus, glucose and fructose were not readily 
used as acceptors and, at the concentrations found in 
tomato, they did not prevent the synthesis of high 
molecular weight dextran polymers. 



20 



Table 4 

Dext ransucr ase : Reaction in vitro 

EtOH-pr ecipi table carbohydrate 
formed within 7 2 hours 



reaction mixture 
complete (14 U/mi enzyme) 
-minus enzyme control 
-boiled enzyme control 
-minus sucrose control 



v i e 1 d 



mg 

18 74 

none 0 

none 0 

none 0 



High molecular we lent dextran polymer was also 
produced when dext ransucrase and sucrose were added to 
25 serum from ripe tomato fruits (Table 5). This 

indicates that the tomato does not contain signiricant 
concentrations if any unknown s 'instances mar prevent 
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:ex : 



rar.sucrase from prcdu 



:c:r.c 



csx:: 



inhibitors or 



accent: 



iiecuiar we 



icr.i 



Table 5 

Sextra.n Synthesis in Tern 



ato Fruit Serum 1 



Re^c_tion_Mixtur e High molecu; l-ar weight 

" — carbohydrate ; - a ; 

Iq a ripe fruit serum 

& serum^sucrose 

c serum+dextransucrase 

a serum+sucrose+dextransucrase 

e reaction mixture d + dextranase 



0 
74 
40 
308 
80 



dextranase enzyme e -c r ■ I treatment w ^h 
w..^_ i yiiie (.eaCwicn mixture e). 



In order to function in the 



^iu3 1 c z r u i 



25 apopiast, dextransucrase must compete for substrate 
wi.n mvertase (see Ficure 1) -h P v 

. ' ; * ne K m fcr sucrose and 

me speciric activity of thP^P „ 

^-y cnese two enzymes were 

relativo'v r-i « C a 

-v_ y _ ose as snown m Table 6, below. 



30 "able 6 



-omato Frui- ^£ggT7j — 

Km for sucrcse Soecifi 



( mM ) , . . „ 



activity 
(j-r.its/nc cr-t ? .^ 



-mm mvertase 6 
dextransucrase —° 

170 
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Thus, dext ransucrase can compete successfully :c: 
substrate and dextran polymers can be produced in the 
engineered fruits. At the other extreme, even massive 
dextran production snouid not "starve" tne other 
metaoolic needs of the fruit because one mole of 
fructose is released for every mole of sucrose consumed 
in dextran product ion . 



10 Example 2 

Isolation and Characterization 
of Dextran su erase Clones 



Construction of L. mesenteroides DNA Library and 
15 Sere e nmo for Clones Expressing the Dext ransucrase Gene 
A Sau 3A/Lambda-Fix (Stratagene) library was 
constructed, following the procedures supplied by the 
manufacturer, from L. mesenteroides DNA isolated from a 
late exponential phase culture of L . mesenteroides 
20 crown in GYC medium at 30°C. GYC medium has the follow- 
ing formulation: 10 g/1 potassium phosphate ( pK 6,7); 
2 g/1 yeast extract (Difco); 5 g/1 casein hydrclysate 
(Gihco); 20 g/1 glucose; and 5 ml/1 salts solution (40 g 
MgSG 4 .H 2 0, 2 g NaCl, 2 g FeS0 4 .7H 2 0, and 2 g MnS0 4 .H 2 0 
25 per liter of water). DNA was partially digested with 
Sau3A to generate a random population of fragments 
averaging approximately 15-20 kb in size, Lambda-Fix 
is an EMBL vector modified so that the phage arms can- 
not ligate to themselves or to the stuffer fragment. 
30 In addition, the Sau 3A partially-digested DNA is modi- 
fied so that it cannot form muitimers, eliminating the 
need to size fractionate the insert DNA. S a u u A oar- 
t iallv-diaested L. mesenteroides DNA was ligated into 
Lamoca-Fix and packaged ^n vitro into viable phage 
35 particles. The Sau 3A/Lambda-Fix Horary consists of 

approximately 10 0 genomes worth cf 1 . mesenteroides DNA 
consisting of 1 0 D plaque-forming units. 
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Recombinant phage (5xl0 3 ) were screened — 
cextrar.sucrase expression bv tr.« me-h-d - - ^ 

— — — ±£-^-4) oy plating with Z. 

la — P agar (10 g/1 - votrP p r ^ 



ccl: 



=> extract, 10 g/1 NaCl, 0.8% agar, ever M-9 minimal salts 
agar (30 g/1 3 0g/l KH 2 ?0 4 ; 52g/l Na^PO,; 5g/l NaC1 . 
10g/l NH 4 C1; 2g/l glucose; ImM M gS0 4 ; 0 . ImM CaCl,), 
containing 0.4% sucrose; O.img/ml dextran T-10: 1 c/ 1 
thiamine;. 8, g/ mi leucine: S.g/rnl threonine, oV 7 .7/ and 
-C incubating at v-o C . The ^ eoli (strain C500) cannot 

utilize sucrose as a carbon source, therefore only weak 
growth of bacteria occurs in the top agar generating 
very small plagues. When the dextransucrase gene is 
present and expressed, dextran is produced and aooears 
is as a white halo around the plaque. Growth of * " co i< 
is also stimulated around the plaque, oresumabiy 
reeding off of the monosaccharides being released as 
cextrans are formed. Approximately II of the onaoe 

screened orocuced wh'te H P -i nQ ~c 

" a * os PCiymer around the 

20 plaques. 

Dextran-producing plaques were iscl 
partially purified. The clones were further 
by assaying for the incorporation of 

^ 4 C into polysaccharide polymer from sucrose iabe^d 
specifically in the glucose or fructose moietv 
Polymer was picked from each of the dative ' 
□extransucra:e clones growing - _- ia tOD aQar 0V£r 
sucrose minimal agar as described aoove and suspended 
m 100,1 of DS buffer (200mM NaOAc, oH5 . 2 , 0 . i g/1 
Dextran T-9, 1.0g/l Tween 80, 1 . OruM CaCl-,, 
0-041 NaN 3 ). Half of the suspension (50,1) was then 
transferred to a reaction tube ccntaming o.l_Ci cf 

criec sucrose [ ciuccse- 1 4 ^ 1 i " 

. l - c ~ be ^ ^Oyl DS suDstrate { DS 



ated and 
analyzed 



uffer, 6.8g/l sucrose) and the 



react i: 



her half to a 



tuoe containing sucrose ; f r uctose- 1 4 c i w- n 

^0-1 DS substrate '"hp 

* ne - e ---- ~"s were then incubated 

a^u.ct cr eacr. 
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reaction (i0-30ul) was then spotted onto Whatman No . I 
filter oaper. The filters were washed in three changes 
of methanol ( iOmi/f ii ter/change ) on a table top shaker 
for 10 minutes/change, then air dried and counted in 
5 5 mi scintillation fluid in a Beckman Scintillation 
Counter. Germaine et al , J. Dent. Res. (1974) 53 : 
1255-1360. All of the clones incorporated 
■^uc.rcse-derived 14 C-f r uccose and not - 1 4 C-clucoso into 
polymer indicating that the clones were expressing 
10 levansucrase rather than dext ransucrase . In addition, 
reactivation of the enzyme produced after SDS-PAGE and 
PAS staining for carbohydrates (Miller and Robyt ; Anal . 
Biochem. (1985) 156 :357-363) revealed a protein with 
the mobility expected-for levansucrase (116 kd). 
15 ' Rescreening of the Lambda-Fix library was 

performed as described above except that the medium was 
first buffered to pK 6, The pH optimum of dext ran- 
sucrase is pH 5.2. LB media is approximately pH 7.5 
and increases to approximately pK 8 as the E . coli 
20 grow. At pH 8, dext ransucrase retains only 10% of 
maximal activity, but this value is 80% at pK 6.0. 
Twenty clones producing haios were picked and assayed 
by the 14 C-iabeiinc assay described above. One clone, 
DS-13, incorporated sucrose derived ~ 4 C-gluccse and was 
25 purified. 

Example 3 
Analysis of cDNA Clones 
De termination of dext ransucrase activity 

30 DNA was isolated the DS-18 lambda clone and a 

partial restriction map was produced. A fragment 
containing the dext ransucrase gene was subcioned as an 
Xbal fragment from DS-18 into pUC19 in both 
orientations (pCGN1222, pCGN1223). The piasmids were 

35 used to transform a DNA stabilizing strain of E . coli 
(DH1, recA). Maniatis et ai., Molecular Cloninc: A 
Laboratory Manual (Cold Springs Harbor, 1982}. 
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Extracts were t~e^ ^-a^-^^A _ • 

-..e.. ~.e y arec sr.c assayed for DS ac: 

by the sucrose [qluccse- 14 n 

u ^~ se Cj -r,ccr?crat:on assav 

descnoed aoove. Or: 1 v ctp r--o, ■ 

^..w one o..en v £::on of the ; rse'- 

(?CGN1222) resulted in expression of DS acJv-'l" 
Plashes containing Sal: ?arcial delecions Qf ^^2 2 
m DH1 were plated on SYC media (same as GYC med<a 
except sucrose is substituted for glucose) and crown at 

JU L Jntu colonies showed <-h^ i^r^ 

s>uuwea ^ne large vjscous mv,n^ s 

-aracteristics of oextran production at aoorcj^ 
rane days. The clones were further analyzed fo- DS " 
activity by the sucrose [ glucose-^C ] 
assay described above. Those colonies oroducing 
aextran also .incorporated 14 C-glucose whil* ccic-s 
not producing dextran did not incorporate 

C-glucose. Due to the or ientation-deoendent 
expression of DS described above, the 5" end of tne DS 
9ene was proposed to be at the left end of the oCG.1222 
insert as shown in Figure 2. 

Additional information was obtained by 
ceietion of the BamHI fragment from pCGN1222 to -rm 
PCGN1222-12 (Fig. 2). The resulting oiasmid retted 

£bl ' 1 ; : r Z ° iacer - 3flrate 14 C-giucose from sucrose 
[glucose— -C], although the activity aooea-ed 
reauced. The remaining 5' 6 . 8kn fracment the^-e 
presumaoiy contains the majority of the DS oene, w-h 
pernaps some portion of tne gene located beyond -he 
lamKI site. Deletions were made to the OCGN1222 

aerivatives shown in Fiqu-e 2 -w 

y z ^ - orm tn e corresoondina 
Piasmias shown in Figure 3 using Promeqa's Eraser-Base 
system. Progressive unidirectional deletions were made 
using exonuclease III which specifically dicests DMA 
J; 3 ™ ? rotr ' jdi ^ ^ blunt ends wnile leavmc 4 case 

\ ?r ° CrUdin * 6nds in ^« *>r examoie, olasmic 
oCGN:i222-"- ■„-,= <= - 

~ cu. with /sal to generate a 5' 

protruding end and deiet—rs w«-o --no 

. . ^*" ns " e - e - cae approximately 

" K ° : "" tne inse — piasmic was also cut w-n 

to generate a 2' protruding end thus protecting 
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-he vector f r cm digestion. Deletions were then trans- 
formed into £ . col i ( DHI ) , plated onto SYC media, and 
screened for DS activity by the sucrose [ gluccse-^C ] 
incorpcr at ion method described above. Plasmid DNA was 
5 isolated and restriction mapped from various colonies, 
both positive and negative for DS activity. The 5' 
boundary of the DS coding region was determined by 
comparing thr< restriction maps and DNA sequences of two 
clones, of pCGN2G23, clones 5-1 and 5-7. Clone 5-1 
10 does not incorporate i4 C-glucose. The 5' end of the 
insert maps ioibp 5' to the first Pst 1 site and does 
not contain the first Hin dlll site. Clone 5-7 does 
incorporate 14 C-glucose and the 5' end of the insert 
maps 2 5 5bp 5' to the first Ps t l site and contains the 
15 first Hin di I I site (Fig. 3). Clone 5-1 does not 

contain the putative ATG initiation codcn. Clone 5-7 
contains an ATG (Met) codon which begins a 4.78kb open 
reading frame, and therefore is proposed to be the 
start site for DS translation. Clone 5-7 represents 
20 the shortest active fragment obtained. 
DNA Sequencing 

The DNA sequence of the dext ransucrase (DS) 
gene was determined by the dideoxy-chain termination 
method of Sanger et al. (1977 ) using Ml 3 single- 
25 stranded templates or double-stranded DNA (Chen and 

Seeburg) and the modified bacter icpnac e T7 polymerase 
(Sequences) (Tabor and Richardson). Fragments were 
subcloned into M13mpl8 ( Yannich-Per ren et a_l. , Gene 
( 19 85 ) 32_: 103-119 ) or a bluescribed M13 + chlor- 
30 amphenicol derivative (Stratagene, San Diego, CA) and 
nested deletions were created using the £rase-a-3ase 
System (Prcmega Bictec). Synthetic oligonucleotide 
primers were synthesized on an Applied 3icsys terns model 
380A DNA synthesizer to sequence through caps and to 
35 determine tne sequence of the complementary strand. 
3c t n strands of tne Dex gene were completely 
secuenced. Tne sequence data were analyzed using tne 
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IntelliGenetics Suite of molecular programs vers.cn 
S.j. The sequence is shewn in ?i G . 4 . 



r 



harac:erizar.ion of the Gene Product .- - DS13 



untied DS18 plaques were plated (10 4 olacues/ 
piate) onto M-9 sucrose ( P H 6) in LB too aca: ( oH 6) 
and incubated at 30°C until polymer formation aooeared 
(.o-48 hrs). The top agar was scraped off and soaked 

DS suffer (200mM NaOAc , pE5 . 2 , O.lg/j. Dex — - t, 9 
I.0g/1 Tween 80,. 1 . OmM CaCl 2 , 0.041 NaN^ ) to Zte Iny 
proteins. The agar was then pelleted and the suoe-nat- 
ant concentrated to approximately 50 ul . Samole buffer 
(0.05M Tris-KCl pH 6.8, 1.0% SDS, 5% 3-me: caotoetnanol 
101 glycerol, 0.005% bromcphenol blue) was added and 
the samples were analyzed by SDS-PAGE. Silver stamin.- 
revealed a protein band slightly larger than the siz<" 
expected for dextransucrase (177 kd). 

Comparison of d ma Sequence of DS i S clcne to ?r=to ; n 
20 Sequence o f Dextransurr^P ^ " 

Partially-purified dextransucrase protein 
(Midler et al. , Carbohydr ate Res . (1986) 147:119-133) 
was carboxymethylated and submitted to SDS-PAGe! T 
cextransucrase band was observed at 177 kd and a 
dextransucrase breakdown product formed a banc at 158 
lO. The breakdown product retains enzyme activity. 

The majority of the protein oreoaration was 
concentrated (through Speed-Vac lyophilization ) 10 fold 
ana loaaed onto four 0 . 5 nun 10% Laemmli SDS ae^s Dex- 
transucrase was separated from other contaminants bv 
electrophoresis of gel for 60 mm at 200v. The cel'was 
S ^:ned :c: 2-4 ^ o u _ 

-* *n j.^-s ccrrjr-.assie Dlue, 471 ~e:n- 

*" Cl ' 47% water ' ^ d 5% acetic acid; then destair.ed'in 

^ sucrase Dane m the upper portion of the 
excised and s 
?H 9.0 in ore 



--o The cieariv visiole cextran- 



:e 



excises and soaked in 0.51 SDS , l-w N-ethvlmoroncl . r.e , 
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Fleet roeluticn was carried cut in an I SCO 
eiu::cn device. Gel chips were placed in the chamber 
assembled with 50kD molecular weight cutoff dialysis 
tubing and elect roeiutec for 120 min against 1 mM N- 
5 ethylmcrphcline , pH 9.0 at 4°, 3 watts. Fluted sample 
was recovered from the concentrating well. The well 
was rinsed several times with additional buffer and 
cooled with in- elated sample to make a final volume of 
3 ml. Subsequent SOS-PAGE analysis established the 
10 presence of a single molecular weight species at 
approximately 17 7kD . 

Aiiqucts (5% each) were taken and dried in 
preparation for amino acid hydrolysis. One sample was 
performic acid oxidized to enable identification of 
15 cysteine and methionine residues. Samples were then 
subjected to vapor phase HCl/phenol hydrolysis for 
24 hr, 11 0 °C iri vacuo . Amino acid composition was 
determined by sample application to a Beckman 6300 
amino acid analyzer. (See Figure 5.) 
20 Peptides were generated from one-third of the 

remaining dext ransucrase to facilitate determination of 
protein sequence. Chemical cleavage with cyanogen 
bromide was chosen to optimize the number of peptides 
generated. The protein was lycphilized to dryness, 
25 resuspended in 98% formic acid, then adjusted to 70% 
formic acid by adding water. £-m? r captoe thanoi was 
added to 1%. Cyanogen bromide crystals were added to a 
concentration of approximately 20-30 mg/mi . The 
reaction proceeded for 24 hr at room temperature, in 
30 the dark at which time a sample was analyzed by SDS gel 
electrophoresis. The remaining digest was size 
fractionated over a H?LC TSK 2000sw sizing column in 
50% acetcnitnle, 0.1% TFA. 

Two fractions from tnis sizing column were 
35 each partially dried down and brought up to 100 -1 in 
0.1% TFA. Further fractionation of the peptides 



tnese size cuts was achieved tnroucn H y 1 C 



/ 
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chromatography cn a narrow 

, oore ' reverse phase C8 

column using an ace:cn:tr- o/ , 0 _ " 

, erupro , _ . . /n 2° gradient. Material 

^ SSrVed as tne sample fcr 

pr^em sequencing. ~ 

Based cn a comparison of tre -e^-^ Q 
to the DNA sequel ^ ■ ~ e ^aOie sequence 

' ^° Ur P e P fci «s were identified in 
the sequencing sample. T he 'our n* . ■ < 
be matched tc -ne * ? ? ^ se ^ uen «s can 

as -:-.cws: SeqUenCe ' The f °" Peptides read 

1 ) NFGT1TAN-A-A-? 

2 ) VDRSNDSTENEAIPNYSFV-R-D-V 

3) D-y 

4) -2/GYAJLZFLQ/VAL 

(daSneS lnd ^^ e the amino acid at the s^ e 

; "° ° f the P^tide sequences m the ^ars ' 
tier. =r tne DNA sequence i S shown in pigure 3^^" 

Example 4 
^^t£uction _cf Levansucr^Qo 
Expression Cassetrp 



?Iasmid pLS8 containing the 3. sub-'i^ ■ 
-erase gene was obtained from o G ~ !r ^^ 

Bacterid r9a ,, , < , 7 (Gay ^ J- 
xx___ (-98j) ^53:1424-1431 ). Tr , e r s -t p„ o3 - -~~ 

n-ent containing the 5 ■ -end o<= tL trag- 
r „ 3 „ * enC °" the 9 = ne and the -coR'- 

£CoRV fragment containing the V o ^ 6 ~ 
iso i ? . p , e , 9 the 3 ~ end °f the gene we-e 

-o_a.ee .rem polyacryiamide and aaarose oe^s " 
tive^v P-n ^ • - e y e -S/ resoec- 

e-y, a..a ..gatec into the Smal ai 

M13 (minus! . ~ re ~ Wfc Bluescrioe 

-" e -esultinq clonic n p" VMO 

^ <--on_s, pCoN«,9 8 ana OCGN499 

ls:Tra " sene insert. 

directions 



h * V * £he iev * M ««»» gene "inserted "Z* ... 



_ P, C P r ^ ^ ^ - 

I — -_ ___^ejnas Casso--- 

PCGN104 7 is an ~ 



expression casse-^e c ~-c ; 
:.-.e 5' , c ,_ ::d;ns __ ; ^ 
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svntnase l^as) gene ( position 20S04 to 20125) cf Barker 
et al., Plant Mcl. 3icl, (1982) 2:225-350) with a poly- 
"lir.ker between the 5 ' and 3' regions . The insert from 
pCGN499 was excised as a 3am - Sst fragment and iigated 
5 into Bam - Sst cut pCGN1047. The resulting plasmid , 
pCGN120 1 , contained the levansucrase coding region 
between the 5' and 3* regions of the mas promoter 

10 Tr ansfer of mas-Levansucrase Construction 

into Broad Host Range Binary Plasmid 

The binary plasmid used for transfer cf the 

mas-ievansucrase construction to Aorobacter ium was 

pCGN733 described in co-pending U.S. application serial 
15 number 138,361 filed April 29, 1988 which is hereby 

incorporated by reference. 

(a) Construction of pCGN783 

pCGN7 8 3 is a binary plasmid containing the 

20 left and right T-DNA borders of A. tumef aciens octcpine 
Ti-plasmid pTiA5 (Currier and Nester, J. Bacterid. 
(1976) lj!5:i57-165) the gentamicin resistance gene of 
pPHIJl (Hirsch et al. , Plasmid (1984 ) 12:139-141), the 
25S promoter cf cauliflower mosaic virus (CaMV) 

25 (Gardner et al. , Nucleic Acid Res. (1981) 9:1371-1830); 
the kanamycin resistance gene of Tn5 [Jcrgensen, Mol . 
Gen . (1979 ) 17 7 :65) ; and the 3' region from transcript 
7 of pTiA6 (Currier and Nester, supra (1976)). 

30 (b) Construction of OCGN587 

The Hm dlll- Sma l fragment of Tn5 containing 
tne entire structural gene for A?H3 * I I (Jorgensen et 
al., Mcl. Gen. (1979) r77:65), was cloned into pUC8 
(Vieira and Messing, Gene (19S 2) -9: 259 ) , converting 

25 tne fragment into a Hin di I I- Eco RI fragment, since tnere 
is an EccRI site immediately adjacent to the Smal site. 
Tne Pstl-ZccRI fracment containing tr.e 2' portion of 
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the A?H3'i: aer.e was the- 1 c~-~ : ^^a • u 

q _ ' C -' J ' nsc Wlth ™ EccRI-Ha--::- 

ha- .- ys -inner into the - . 

S-^.ce t.ms construct dceq r-~„ = 

a " es 1 - c> - ccnrer kanamvcin -es ; s- 
tance, <ar.ar,ycir. resistance was obtained bv ^rse-'-c 

fmt * - — gene - in£0 ;;r 

^ :;^7-\ Slte (?CGN545X) - ^ S P-"d Ure reassess 
: ne gene, so that Ecort Sltes flank fche ^ 

" ^ C ° d0n WaS UpStream and out of readme f-ame 

^ ln ^' aCiyr C ° GCn ^ APK3-II. The undesx- 

rcc ai'G was avoided bv 'Pse'Hrr a c, 

, . --se.,.ng a Sau3A-?stI fraament 

3 6nd ° f A?H3,11 ' wh -h fragments 
superfluous ATG, into the Ba^HI-Pstz site of pCGN545W 

provice plasaiid pCGNSSO. The EcoRi fraoment o«= 
PCGN550 containing the A?H3'II gene was then cloned 
-.to the ZcoRI site of pUC8-pUC13 ( K . Buckley suora 
U98d)) to give DCGN551. 

2aCh ° f the ^2 RI f ^e.,cs contamino tne 
— - gene was then cloned into the unioue Zco" s-e 
Of OCGN451, w-ch ccr^^c " ~ 

~.-ch ccn.a.ns an octepme synthase cas- 

se e ror expression to provide pCGN548 ( 2ATG ) ) and 
?Oo52 ( 1ATG ) The plas.id pCGN45i having the ~cs 5' 
anc tne ocs 3' in the z,rr,„ ar 

p "' er 0"-entacion was digested 

UiS1S ' iBU « """"y^" resistance' uene in»~- d 

-tn EC,,: sue to provid. ? CGN552 na,in g th . „. ~ ciB 
- «.,„„ce oene in tb . prop . t ori.»„- ion . fti , 0CS/KAN 

Lrans t l / ? e amary vector pCGN587. 

The 5' portion of the engineered octooino syn- 

^ at tp 15208-13644 ( Bar ker et ai . , suora (1983), 
wnicn also contains the " 



implicated in T-DNA transfer. ; n 



OKA boundary sequence (ocrcer) 
:er - :n the ?i?-srr,id sCG\ : £37, 

' CCS/ " AN ?ene from P c ^5 52 provides a selectaf* 
-arKer as well as ^ p ^ ; ^ ^ . u 

— ce. . x ^e .e:t ocuncarv 
region was first cloned in M i3mp9 as a Hi„d:---c, a - * 

piece : ? CZi:5C2) ,'oase - a — = --^ < ~ ~" 

arc recionec as a 
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Kor.I-EccRI fragment in pCGN565 to provide pCGN580. As 
described above, pCGN555 is a cloning vector based on 
pUC8-Cm, but containing ?UC1B linkers. pCGN580 was 
linearized witr. 3 a mi l I and used to replace the smaller 
3cll fragment of pVCK102 (Knauf and Nester, Plasmid 
(1982) 8:45), creating pCGN585. 3y replacing the 
smaller Sail fragment of pCGN585 with the Xhol fragment 
-rem :jCGM5 5 2 containing the ocs/KAN gene, pCGN537 was 
obts i ned . 



(c) Construction of pCGN739 (Binary Vector) 

To obtain the gentamicin resistance marker, 
the resistance gene was isolated from a 3.1 kb EccRI- 
?stl fragment of pPHIJI (Hirsch et al . , Plasmid (1984) 
15 12:139-141) and cloned into pUC9 (Vieira et al. , Gene 
(1982 ) 19_:259-268) yielding ?CGN549. 

The pCGN549 Hin dIII- 3am KI fragment containing 
the gentamicin resistance gene replaced the Hin d'II- 
BqIII fragment of pCGN587 creating pCGN594. 
20 The pCGN594 Hin di I I- 3am HI region which con- 

tains an ocs-kanamycin- ocs fragment was replaced with 
the Hind"I-3amHI polylinker region from puCIS (Yanisch- 
Perron, Gene (1985) 33:103-119) to make pCGN739. 

25 (d) Construction of 726c (1 ATG-Kanamycin-3 ' region) 
pCGN566 contains the EcoRI-Hindlll linKer of 
pUC18 ( Yanisch-Perron, ibid ) inserted into the EcoRI- 
Hindlll sites of pUC13-Cm (K. Buckley, Ph.D. Thesis, 
University of California, San Diego, 1985). The Hindi I I- 
30 3c_lII fragment of pNW31c-8, 29-1 (Thomashow et al. , Cell 
(1980 ) 19:729) containing ORF1 and 2 (Barker et al. , 
Plant Mol. 3iol. (19 84 ) 2 : 32 5-250) was subclcr.ee into 
the Hindi I I- 3amH I sites of pCGN566 producing pCGN'70 3 . 

The Sau3A fragment of pCGN'703 ccntainir.g the 
35 3' region of transcript 7 from 0T1A6 (corresponding to 

oases 2295-2920 of pTi!5955 (Barker et al., sue: a (1984) 
was subcior.ee into the BamHI site of p'JC13 (Yaniscn- 
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Perron et al. , sucra (1985 )) producing pCGN709. 

-r.e EccR:-Sma: pciylmker region of =CGN709 
was replaced with the Z^RI-Smal fragment from oCGN587 
(see o.l(a), suora) which contains the kananivc-. ^es^s- 
a tance gene (A?H3'IIJ producing P CGN726. 

The EcoRI-Sall fragment of DCGN726 olus *he 
3clII-Sali sites of pUC8-pUCl 3-cm ( chloramphenicol 
resistant, X . Buckley, Ph.D. Thesis, University of 
Cali.:orr..'.a, San Diego, 1935 ) producing dCGN7 3 8 . ^ 0 
10 construct pCGN734, the HindTII-Sohl site mi ^ 9 

(Norrander et al. , Gene (1983) 26:101-106). Using an 
oligonucleotide corresponding to bases 3287 to 3300 
DNA synthesis was primed from this template. Following 
^ SI nuclease treatment and Hindi! I digestion, the resui- 
tinS fra ? ment W£S doned into the Hindlll-Smai s -'te of 
?UC19 (Yanisch-Perron et al., suora (1985)) -he re- 
sulting ecor! ZQ Hi^j.. fragraent of pTiA6 (corres ; on _ 

01,19 tC baS6S -50-4494) was cloned into the EcoRi's^e 
or ?JC8 (Vieira and Messing, suora (1982 )) resultma ^ 
?CuN/,4. pCGN726c is derived from pCGN738 bv de^et'nq 
the 900 op Zcor:-eccri fragment. 



< e ) Construc tion of DCGN167 

n ?CGN167 l£ a "Struct containing a full iencth 

2s CaMV promoter, 1 ATG-kanamyci n gene, 3' end and - e ' 
bacterial Tn903-ty P e kanamycin gene. Ml is an -coR^ 
fragment frcm pCGNSSO (see construction of oCGN^, and 
was cloned into the EcoRI cloning site in the 1 
kanamycia gene proximal to the polvlinker recrcn - 
30 M13mp9. See copending Application Serial No '. 9 20 , 574 

fnea October 17, 1986, wnich disclosure is mcoroora- ■ 
tea herein by reference. 

To construct pCGN167, tne Alul ^ ac . e ^ 
„ C3MV (S? 7144 - 7 -5) (Gardner et al., N , cl . Ac: , c ~ c 
- (1981) 9:2871-2888 ) was obtained ov cT^~^T^ 

= he site of M13m ? 7 (Vieira, G^e 

(-982) 19 = 25 = , to create C514. An Iocr: dices: c- cF7 
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oroduced :ne Zcz Rl rrac^en: f rem C514 ccntair.ing the 
35S promoter which was cloned into the EcoRI site of 
pUC3 (Vieira et ai . , Gene (1982 ) 19^:259 ) to produce 
pCGNl 4 6 . To trim the promoter region, the 3gl II site 
5 (bp 7670) was treated with 3gl II and 3al 3 1 and subse- 
quently a 3gl II linker was attached to the Bal3i trea- 
ted DNA to produce pCGN147. 

pC^Ni'iSa containing ;hp prumoter region, 
selectable marker ( KAN with 2 ATGs) and 3' region was 
10 prepared by digesting pCGN528 (see below) with Ball I 
and inserting the Bam HI- Bgl ll promoter fragment from 
pGGN147 . This fragment was cloned into the Bgl l I site 
of pCGN52S so that the Bal l I site was proximal to the 
kanamycin gene of pCGNB 28 . 
15 The shuttle vector used for this construct, 

pCGNS 28 , was made as follows. pCGN525 was made by 
digesting a plasmid containing Tn5 which harbors a 
kanamycin gene (Jorgenson et al. r Mcl. Gen. (1979) 
17^ :65) with Hindi I l-3amHI and inserting the Hin cIII- 
20 Bam HI fragment containing the kanamycin gene into the 
Hindi! I-BamHI sites in the tetracycline gene of 
pACYC184 (Chang and Cohen, J. Bacteriol . (1978) 134 : 
1141-1156). pCGN526 was made by inserting the BamHI 
fragment 19 of pTiA6 (Thomashow et al. , Cell (1980) 
25 19:729-739) into the BamHI site of pCGN525. pCGN528 
was obtained by deleting the small Xhr I fragment from 
pCGM525 by digesting with Xho l and religating. 

pCGN149a was made by cloning the 3amHI kana- 
mycin gene fragment from pM39KanXXI into the 3arri HI site 
30 of pCGN148a. pM39KanXXI is a pUC4K variant (Vieira and 
Messing, Gene (1982) 19:259-268) which has the Xhol site 
missing out contains a functional kanamycin gene from 
Tn903 to allow for efficient selection m Ac r ooact e r : urn . 
pCGNl 4 9 a was digested with Bel li and Son I . 
35 This small Bel l I- Spn l fragment of pCGNl 4 9a was replaced 
with tne Bam HI- Spn l fragment from MI isolated by 
digestion with Bam HI and Son I . This produces pCGN167. 
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::on of dCGN76oc (253 prcmcter-3 ' region) 



10 



The Hind:::-3ar^H: fragment: of pCGNiS7 contain- 
ing the Cay.V-25S proiaccer, 1 ATG-kanamycin gene and the 
BamKI fragment 19 of pTiAS was cloned into the BamHl- 
Hindi:: sites of p'JC19 (Norrander et al . , suora (1985); 
Yar.isch-Perron et al., supra (1985)) creating pCGN976.' 

The 35S promoter and 3' region from — anscrior 
7 wc.s developed by inserting a 0,7 kb Hindi I I-EccRI 
fragment of ?CGN976 (35S promoter) and the 0 . 5~kb 
EccRI-Sai: fragment of pCGN709 (transcript 7:3' for 
construction see supra ) into the Kindliz-Sall sites of 
PCGN566 creating pCGN766c. 

15 ^> J'inal Construction of pCGN'7S3 

The 0.7 kb HindHI-EcoRi fragment of pCGN766c 
(CaMV-2 5S promoter) was iigated to the 1 . 5 kb EcoRl- 
Sall fragment of pCGN726c ( i-ATG-KAN-3 ' region) into 
the Hinc:::-sall sites of pUC119 (J. Vieira, Rutgers 
University, New Jersey) to produce pCGN778. The~2.2 kb 
region of pCGN778, HincIIZ-Sal: fragment containing the 
CaMV 25S promoter (i-ATG-KAN-3' region) replaced the 
Kindlll-Sai: pciylinker region of PCGN739 to produce 
PCGN78 3. 

The mas-levansucrase cassette PCGN1201 was 
inserted into the unique Sail site of pCGN783 to create 
plasmid DCGK1205. This piasmid in E. coii C21I0 is con- 
jugated into Agrobacterium strain PC2760 (Ooms et al. , 
E^smid (1982) 7:15-29 ; Hoekema et al. , Nature (1983 )' 
303:179-181; European Patent Application 84-200239; 
2424233) which contains a disarmed Ti-piasmic, using 
gentamicin selection. 
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Example 5 
C onstruction of Dex t ransu erase 
Expression Cassettes 

5 

Expression of Cassettes Generally 

The dext ransucrase gene from pCGN1222 was 
c-.cned crouch a se^es of sre-s into DCGN2306 (Figure 
8). The cextransucr ase gene ./as then removed from 
10 pCGN2306 as an EcoRV fragment and cloned into the 

respective promoter cassettes (pCGN2305 f having the 35S 
CaMV promoter and pCGN1241, having the 2A11 
promoter). The resulting constructs were then cloned 
into a binary cassette (pCGN1547) in both orientations, 
15 yielding a total of 4 constructs, pCGN2318 and 2219 and 
pCGN2310 and 2211 (Figure 9). 
2A11 Promoter Cassette 

The design of the 2A11 cassette (pCGN1241) is 
shewn m Figure 7. The cassette contains 3.8 kb of DNA 
20 5' of the transcriptional start site and the entire 3' 
recion (from the TGA stop coden to a site 2.0 kb 3' of 
the poly A addition site) of the 2A11 gene. A map of 
the 2A11 gene is shewn in Figure 6, showing the 
restriction sites and indicating (below the 
25 representation of the gene) the regions of the 2A11 
gene used to construct the 2A11 cassette. The 2A11 
cassette ^was constructed as follows. 

The 5' end of the 2A11 cassette was 
constructed starting with an EcoRI subclone genomic 
20 clone as described in application PCT/US88/01811 cloned 
into the EccRI site of 3iuescript (*) (Stratagene) 
resulting in pCGIii288 . This clone contains sequences 
from the EcoRI site at position 1651 in the mtron of 
the 2A11 cene to the EcoRI site located 2.5 Kb upstream 
25 of the Xhcl site at position 1 of the sequenced region 
(see Ficure 6). The Xhc l fragment from position 1 of 
tr.e secuenceo recion to the Xhcl site m tne Eluescript 
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ec '--eat^nc olas~ ; d ocr?^' • 

contains the 2A11 -= a i-„ =„„ - — c. 

-0". -ne cocir.o region, of 2 A11 was deleted bv 
..e=..r.g -r.:t pUtsi4 with Excm ! cle«s.lix/s- ,'.<„ .„ 

r"" 0 '*" 7 iV * iUbie Base Kit (Pr^r" 1 ' 

--"-ec,, and ..e B .»ci„, deletion pias.ids until" one was 
- una „ ic.n nad the codi„ 9 region deleted to oosition 
-36o. resulting plas.id, OCGN1251, n ad ^ oenes! ,. 

■•-o. .ne EooRl fragment of pCGN1288 was th»n 
transferred to a chloramphenicol resistant Dl "„ Bid 
vector, pCGN2015, to ma>ce OCGN1231. D CGN2oi 5 a C m 
distant derivative of the 31uescri P t plas.id. A 
^--/Ba^:: fragment of pCGN12 5 l-„as then transfer-ed 
;n :°^ :!/ ^ ! PCGN1231 to » k , DC =N1235 

»mch contains tine regron fro, the EcoRl , it . (2 5 kb 
"P-ea. of tne sequenced region, tuition ! 3 « of 
-ne sequenced region flanked by the Hluescriot 
?c-yim*er in a c.n resistant vector. 

The 3' end of the 2A11 cassette was 
constructed from p C = N 1273 (described in aoolicat^on 
- /.SS./OISU, by digesting the pias.id with PvuTand 
^ sorting tne 22< 9 bp ia sert ( f:c m pcsit7o"n 2,02 

-° -6.J), .rearing with a double-stranded 
Oligonucleotide containing the sequence shown m ri cu , e 

3-u.sc.ipt vector which had been digested with Bam," 

30 . °- the 2A11 »•»• fre» the stoo coden at 

30 Position 2381 to the Kcorx site at position <„" 



25 



the 1 containing tne 5' a.-.d 3- regions of 

Z,- T~:" V " - "^ting tne 3a,:,: to 

77 s la "" ^ ?C3N1238 — o PCGK1233 which ^b,.- 
chested with Ian! and xt»I w. '-'ba- .... 

10 B " fc * Uaov P^y-rase to Mjt . a biun:-»nded 

end- - e " P1 " niC ' P CGf - = «- >« tne s- 

6 ^" ? ene from the £coR: site 2.5 , ;3 
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ucstrea^ of the Xho l site (position i) to position 1366 
(which is located between the transcriptional 
initiation site of the 2A11 gene and the ATG), followed 
bv a polylinker region (sequence given in Figure 6) 
5 with sites for Sma l , Bam HI , Ps 1 1 and Sai l which can be 
conveniently used to insert genes followed by the 3' 
region from position 2381 to 4653. The plasmid 
bactfbtjne pCGNl 2 4 G is the BiuescripL Cm plasmid 
described above. A more convenient version has the 

10 EcoRI of 1240 excised and inserted into a Biuescript 

vector with an altered polylinker from the Sac I site to 
the Kpn l site with a synthetic polylinker with the 
following sequence : 

AGCTCGGTACCGAATTCGAGGTCGGTAC to create a 

15 -polylinker with the following sites: Sac I- Kpn l - Sac I - 
Kpn l . The Eco RI insert of pCGN1240 was inserted into 
pCGN1240 to make pCGN1241 (Figure 7). 

35S Promoter Cassette 

20 The 35S CaMV cassette (pCGN2305) contains DNA 

5* of the transcriptional start site of the 35S CaMV 
gene of the 3' region of the Tr7 gene. It was 
constructed as follows. pCGNl 4 1 0 (Sheeny e_t al . , 
(1988 ) ?roc. Natl. Acad. Sci . (USA) , 85_: 8805-8809 ) is 

25 digested with Eco RI , and the ends filled in with DNA 
polymerase I. A phoshory lated Xba l ".inker from 
Pharmacia, 5 ' -pd [ TCTAGA ] -3 ' is ligated in. The 
resulting plasmid was called pCGN2304. pCGN2304 was 
then digested with Hindlll , the ends filled in with DNA 

30 polymerase I, and a phosphor y lated Xba l linker ligated 
in. The resulting plasmid was called pCGN2305. 
Preparation of Necessary Constructs 

pCGN230 2 . The 3' end of the gene was 
suocloned from pCGNl 222 (see Example 2) as a 2.1 kb 
25 Sall/EooRV fragment into pCGN2015 to give pCGN2202. 



The oiasmid OCGN2015 



was cons true tec ov 



c i 
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15 



20 



25 



oCGN'565 with Hhal bluir' na • 

— - " — -'-- n 9 * — '-"g oean nuclease ar.c 

iigatmg with EccRV digested Biuescript KSM13 
(Stratagene, Sa., Diego, CA ) to create* pCGN2008. 
?CGN56 5 :s a cloning vector oased on ?UC3-DUC13-cm ( *< 
Buckley (1935), supra) but containing pUC18 linkers 
(Yar.iscn-Perron et al. , Gene (1985) 53:103-119). 

DCGN2008 was digested with EccRl and Hindis, 
blunted with Kienow. The 1156 bp chloramohenicol 
fragment was isolated. Biuescript KSM13+ (Stratacene) 
was digested vith Dral and the 2273 bp fragment is 
isolated and licated with the ?CGN2 008 chloramphenicol 
fragment creating pCGN2015. 

P CG::230 ^- Th e remaining 1.6 kb 5' end of the 
dextransucrase gene was generated using the polymerase 
chain reaction method, Tag polymerase (Gene Am D kit) 
and the DMA thermal cycler ( Perkin-Elmer Cetus) using 
PCGN2023 as a template. pCGN was made by a BamHI 
deletion of pCGN1222. Two cl i gonucleot ides , Dex02 (42- 
mer with the added restriction sites, Xhoi and EcoRV 
upstream of the ATG codon, plus sequence comolementary 
co the ATG region) and Dex03 (a 26-mer complimentary to 
the Sail region) were used as primers . Dex02 : 5'- 
GGTTATCTCGAGGATATCATGCCATTTACAGAAAAGTAATG-3 ' 
Dex03 : 5 ' -CAAATCAGCATCCACATTGTCGACTG-3 * 

The resulting 1.6 kb fragment contains the 5' 
end of tne gene, from the ATG start codon tnroucn the 
Sail site w:th an additional ^ ,ite and an Eccrv 
site upstream of the ATG. The 1.6 ko fragment was then 
cloned in pCGN2303 as an XhoI/Sa^I fragment, m front 
30 of the 3' end of the gene giving piasmid pCGN2306. 

^ CGN1 547 - PCGN1547 (described m cc-pendmg 
U,S ' ?aten " application Serial No. 329,013, (wnion 
disclosure is hereby incorporated by reference) is a 
° lnary "-^^-aticu vector containing tr.e left 

and ngr.t T-DNA borders of Ac r o pa c t e r i urn tumefaciens 
ootopme Ti-plasmid pTiA6 (Currier and Nester, J. = ac~ 



tr.e -enta: 



resistance ce.-.e 
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p?KIJI (Hirscn and Bennger , Plasmid (1984) 12:129- 
141), Ac:coac:e::u^ rhizccenes Ri plastic origin cf 
replication from pLJbBii ( Jcuam n e: a 1 . , Mci. Gen. 
Genet . (1985) 2^1:270-141), the mas promoter region and 
5 mas 3' region of pTiAo with the kanamycin resistance 
gene of Tn5 (Jorcensen et al. , MoL Gen. Genet. (1979) 
172:65), a CoiEl origin of replication from p3R322 
(Bolivar et a^- Gene 2:95-113), and a lacZ 1 screenable 
marxer gene from pUC18 (Yannisch-Perron et al,, Gene 

10 22 : 102-119 ) . 

Final Construction Steps 

The entire dext ransucrase gene was removed 
from pCGN2306 as an EccRV fragment and cloned as a 
blunt ligation into the Sma l sites of the promoter 

15 cassettes pCGN2305, giving plasmid pCGN2309, and 

pCGN1241, giving pCGN2307. Each cassette was cloned 
into the binary vector pCGN1547 as an Xbal fragment for 
the 35S cassette to create pCGN2318 and pCGN2319, and 
as a Kpn l fragment fro the 2A11 cassette to create8 

20 pCGN2310 and 2311. This allows for constructs in ooth 
orientations for each cassette. The completed binaries 
were then suomitted for cocul tivat ion . Agrobacter ium 
tumef aciens strain 2760 (also known as LBA 4404, 
Hoekema et al., Nature ( 1983 ) 303 : 179-180 ) were 

25 transformed with the receptive binary using the method 
of Holsters et al. Mol. Gen. Genet. (1978) 153:181- 
187. The transformed binary was then used in the 
cocul 1 1 vat ion of plants. 

Example 6 

3 0 Preparation of Transgenic Plants 

Feeder plates were prepared by pipetting 0.5 
mi of an eignt cay old suspension of Nicot lana taoacum 
ov xar.: :.; cell suspension culture (~10 D cells/mi) onto 
25 0.3% agar medium, containing MS salts, myo-mcsitol 

(100 mg/1 ) , thiamme-HCi (1.2 mg/1), sucrose (20 g/i ) , 
potassium acid pnospnate (200 mg/1) 2,4-D (0.2 mg/1), 



WO 89/12386 _ _ PCT/LS89/02729 



10 



and kmetm (G.l mg/1) ( pH 5.5). The feeder cells were 
prepared at least 2 4 hours prior to use. A #1 Whatman 
sterile filter paper ( What.ua n Ltd, Maidstone, England) 
was placed on top of the tocacoo feeder cells after the 
cells had been crowing for at least 24 hours. 

Agrccacteria containing the plasmid of 
interest were grown on A3 medium (A3 salts K-,K?0 4 3 
gm/l, NaH ? ?04 ~ 2 0 1.15 g/i, NH 4 C1 1 g./l, glucose 5 g./l , 
; ' eS °4 °' 25 ^g/ 1 ' MgS0 4 0.246 mg/1, 0.14 mq/1, 15 g/1 
agar 100 •_/! gentamycin sulfate and 100 u/1 
streptomycin sulfate) for 4-5 days. Single colonies 
were then inoculated into 5 mis of MG/L oroth and 
preincubated overnight in a shaker (180 rpm) at 30°C. 

Sterile tomato cotyledon tissue was obtained 
15 from 7-8 day old seedlings which had been grown at 

24°C, with a lohr/ 8hr day/night cycle in 100 x 25 mm 
petri disr.es containing MSSV medium: Murashige-Skoog 
(MS) salts (#1117 Gibcc Laboratories, New York), 
sucrose 3 0 g/1, Nitsch vitamins (Thomas, 3.R., and 
20 Pratt, D. Apsl. Genet. (1381) 59:215-219), 0.8% agar 

(?K 6.0). Any tomato species may be used, however, the 
inbred breeding line UC823 (Department of Vegetable 
Crops, University of California, Davis) is preferred. 
The tips and oases of the cctelydons were removed and 
the center section placed onto a feeder plate for a 24- 
hour preincubation period in a low light, 40-50 
microEinsteir.s, but no greater than 80 micrcEmstems , 
at 24°C. 

Following the preincubation period, the 
cotyledon explants were then dipped into the 
agrobacteria suspension (5 x 10 8 bacteria/mi) for 
approximately 5 minutes, slotted on sterile paper 
towels and returned to the original tcbaccc feeder 
plates. The explants were cocultivated with the 
agrobacteria fcr 48 hours on the tooaccc feeder plates 
in low light (see above) at 24°C, then transferred t = 
regeneration rr.ecium containing 531 -g/i C ; carter.icil- 



25 



30 
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1m ciscciun salts and at least 100 mg/: 
sulfate. The regeneration medium is MS sa4s medium 
with zeatm (2 mg/1), myo-inositol (100 mg/i), sucrose 



/* ^ . Nitsche vitamins and 0.8% agar ( pK 6.0). 

days and subsequently every three weeks, the 



explants were transferred to fresh regeneration medium 
containing 500 mg/1 of carbenicillin disodium salts and 
at least ]00 mg/1 of kanamycin sulfate. Shoots were 
harvested ; "rom 8 weeks onwards and placed on MSSV 
medium containing carbenicillin (50 mg/1), kanamycin 
(50 mg/1) and indole-3-butyr ic acid (1 mg/1). Roots 
deveiooed in 7-14 days. Plants were then transplanted 



is 

Example 7 
Targeting to Apoplast 

The hydropath plot of the deduced amino acid 
20 sequence of the Leuconostoc dext ransucrase shews a 
highly nydrophilic protein with a hydrophobic 
N- terminal region. As seen with many other gram- 
positive secreted proteins, the N-terminal sequence 
displays characteristics expected of a signal 
25 peptide. However, because these sequences are quite 
different from those seen for euKaryctic secretory 
proteins, it is possible that a heterologous leader 
sequence will be desired for efficient translocation of 
the sucrase enzyme to a desired ceil organelle. 
30 Various constructs therefore have been designed to 
optimize targeting of dext ransucrase to the fruit 
apoplast . 

?G/ Dext ransucrase Constructs 



35 Constructs using the full-length dextransu- 

crase cere as well as various E ' deletions of tne gene 
were fused to e 1 1 n e r tne full 1 e n c t n oolvcalacturonase 
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(?G) leader (3141bp) cr the 5" region of the 
polygalacturonase leader (146 bp). A new dextrar.su- 
crase construct was made using the polymerase chain 
reaction (PCS) method. A 1.6 kb Xhcl-Sal: fracment of 
5 pCGN1222 was synthesized and inserted into Xhol 

digested pCGN2303 to make plasmid pCGN2327. This new 
construct, pCGN2327, Figure 10, is identical to 
?CGN23 06 but lacks the EcoRV site at the 5' end. 

Constructs containing the PG leaders fusee :o 
10 cexcransucrase were prepared as follows: The full 

length ?G leader fragment was cloned as a 314 bp Xhol- 
Sall ?CR fragment into the Xhol site of pCGN2327 to 
give pCGN2330. The 5' PG leader fragment was cloned as 
a 146 bp Xhcl-Sail ?CR fragment into the Xhol site of 
15 OCGN2327 to give pCGN2331 (Figure 11). Other 

constructs having either the full-length cr a shorter 
5' fragment of the ?G-leader are fused to the relevant 
sucrase genes in a like manner. Where it is desirable, 
for example, to delete 5' bacterial transit peptide 
20 regions, portions of the sucrase gene can be deleted to 
increase activity of the encoded protein. Once the 
construct is prepared having the desired truncations 
and/or deletions, the ?G leader/dextransucrase regions 
can then be cloned into the 2A11 and 35S promoter 
25 cassettes (?CGN1241 and pCGN2305 respectively) and then 
into the binary plasmid 7, or other such constructs. 

The resulting binary plasmid naving the 
desired constructs therein are used to transform A. 
tumefaciens and through Agrobacter ium -mediated trans- 
formation, to obtain transgenic plants. 



30 



35 
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Example 3 
Analysis of Constructs 
Comprising Transit Peptides 

5 Two ?G leader /GUS constructs were made to 

s tudv the target ting of dext ransucrase . The two 
constructs, pCGN2313 (full length ?G leader) and 
oCGN/325 (5' ?G leader) (Fig. 13), were elecircporated 
into tobacco protoplasts and all fractions (media, cell 
10 wall debris, and protoplast) were assayed for GUS 

activity. (Jefferson et al. Plant Molec. Biol. Rep. 
(1987) 5:387-405.) In initial studies, no GUS activity 
was detected in any fraction. The GUS gene contains 
two glycosylation sites. It has been proposed that 
15 glycosylation of GUS at one or more of these sites 
during processing may inactivate the enzyme. 
Therefore, tne elect r operation studies were repeated 
using the antibiotic tunicamycin, which interferes with 
glycoprotein biosynthesis and prevents glycosylation of 
20 GUS. Data from these studies (Table 9) show that when 
tunicamycin is added, GUS activity is retained and 
glycosylation appears blocked. Since glycosylation of 
proteins occurs between the endoplasmic reticulum and 
tne Gclgi, the ?G leader, full length as well as 5' 
25 only, appears to be successfully taking the GUS protein 
into the secretory pathway. This is also supported by 
the fact that the GUS activity is reaching the ceil 
wall fraction of the elect ropor at ed protoplasts. 
Western analysis of the protplast fractions will be 
30 used to verify these results. 
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Table 9 1 

GUS Activity In 
Electropcratec Frctcclasts 

Without Tunicamycin with Tunicamvc* n 
Cel1 Wall Cell Wall 

Csns -i:ct ?"tcplast Debri s Protoplast D ebri^_ 

03122;.- .,ij40 471 22450 421 



10 20250 214 17500 



309 



PCGS2313 990 104 25700 9590 



9 -0 70 27400 



5475 



PCGN2325 2660 192 59100 9990 



1X 80 101 58300 



14070 



activity is assayed as described by Jefr>r«on *t 
is a., (sup_ra). Activity is reported as f iuo r escence/T8 0 
min. reaction/eiectroporation (fluorescence units at 
-o5 nm excitation/455 nra emission). 

2 

PB1221 is a 25S/GUS construct used as a oos ; tive 
control. 

20 



25 



30 



35 



Analysis of ?G Leader-Dextransucrase 
Transformed Tissue 

Localization of dextr ansucrase in the apopiast 
of the tomato fruit can be determined by various 
methods. One such method is tissue printing of the 
fruit onto nitrocellulose paper (Cassab and Varner, 
(1987) J. Cell. Biol. , 105:2581-2588). In this 
procedure a transformed tomato fruit is sliced, washed 
briefly m distilled water, quickly dried and blotted 
onto nitrocellulose paper that nas previously been 
soaked in 0 . 2M CaCl 2 and dried. The tissue print is 
then immediately cried and treated for the detection of 
dextransucrase using alkaline phcsphatase-ccr. jucatec 
second antibody as follows. The ::i t r ocel iu lose " oi z t is 
mcuoatec m a blocking buffer consisting cf 50 -y. 
Tris-HCl, pK7.5, 2 0 0m,M NaCl, 0.351 Tween-2 0 ; TTHS ) and 
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1-0 dc v me serum albumin, then mcuoated in rabbit 
an t idex transucr ase antibody in TTBS . 3iot myiated goat 
'anti-rabbit IgG is then bound followed by incubation in 
st r eptavidin-alkaime phosphatase conjugate. 3C1? ( 5- 
5 D r c m c - 4 - c n 1 o r c m d o x y 1 phosphate) and N3T (nitre blue 
tet razolium) are used as substrate to visualize the 
precipitated indoxyl group. Individual cells on the 
■■.i^sue print sre then - examinee unde: a dissecting 
microscope for localization of dex t ransucr ase . 

10 Another method used to locate dex t ransucrase 

in transformed tomato - fruit is immunofluor esence 
(Vreeland et. al. , (1984 ), Planta . , 152:505-517) or 
immunogoid (Mauch and Staehelin, (1989), Plant Cell . , 
1:447-457, Dorel et al., (1989), J. Cell Biol . , 

15 1_0_8 : 3 2 7 - 3 3 7 , Cassab and Varner, (1987), J . Cell Biol . , 
105 : 2581-2588 ) labelling of antigen in thin tissue 
sections by dext ransucrase polyclonal antibody. 
Transformed tomato fruit are dissected under fixative 
conditions appropriate for either light or electron 

20 microscopic immunocy tochemi s t r y (Greenwood and 

Chrispeeis, (19 8 5 ), Plant Phvsiol . , 79:6 5-71). Thin 
sections of the fruit (0.05-ium) then are cut from the 
fixed tissue, mounted on slides and processed for 
immunccy tocnemist ry by either immunof iuc r esence or 

25 immunogoid labelling techniques. The iabeiied thin 
sections are then analysed under -ppropriate 
microscopic conditions for the localization of 
dext ransucrase . 

30 Example 9 

Analysis of Transgenic Plants 

NPT ZZ 3nzvme Assay 

leaves from plants transformed witn a cc n - 
25 struct of interest whicn regenerated from kanamycin- 

resistant explant tissue were assayed for expression of 
tne NTT I : cene. Tissue was harvested, frozen : r. 
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liquid nitrogen, ground frozen in Eppendorf tubes 
containing equivalent amounts (w/v) of extraction 
buffer (2.5 mM Tris-KCl, ?H 5.3, 0.143 mM 3-mercapto- 
ethancl, 0.27 mM ieupeptin) then centrifuged for 15 min 
Trie supernatant from leaf hcmogenates was added to half 
volume aiiqucts of reaction buffers A and B. Reaction 
buffer A contained 67 mM Tr is-maleate , 42 mM MgCl 2 , 400 
mM NH,C1. 1.7 mM di thiothr e i tol , 0.4 mg/ml kanamvcin 
sulfate. Reaction buffer B was identical to suffer A., 
except, that kanamycir, was omitted. [y- 32 ?] ATP solu- 
tion (0.75 mM AT? dissolved in reaction buffer B and 
1.0 uCi [y- 32 ?] ATP/sample) was added to each reaction 
mixture. The samples were incubated at 32°C for 30 
min. Using a slot blotting apparatus, reaction samples 
15 were blotted onto three layers of Whatman ?8i ion ex- 
change papers placed on top of one Whatman 3mm paper. 
All three P81 papers were washed twice with water at 
25°C for 4 min each. The blots were incubated for 45 
min at 65°C in proteinase K solution (1.0 mg/ml pro- 
20 teinase K in 1% SDS), then washed once at 80°C for 4 

mm followed by a wash at room temperature. After dry- 
ing, blots were exposed to X-ray film with an intensi- 
fying screen. 

2 5 Northern Analysis 

Out of 19 transformed plants containing the 
ievansucrase construct, and 2 transformed plants 
containing the 2All/dext ransucrase construct, and 42 
transformed plants containing the 355/dextransucrase 
construct, 14, 41 and 35 plants, respectively, show 
expression the kan gene. 

Isolation of ?civ(A) + RNA 



30 



Leaves and fruit (green as well as ripe) from 
transformed tomato plants were harvested and frozen in 
liquid nitrogen. Frozen leaves were ground in a morta: 
ar.c pestle in liquid nitrogen and total RNA was extrac- 
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ted f rem the resulting powder by homogenizaticn m 
Tris-HCl, SIS buffer and lithium chloride precipitation 
as described by Crouch e_t a_i. , J . Mol. Appl. Gen. (1982 ) 
2:2^3-253. Frozen ripe fruit was ground to a powder in 
5 a mortar and pestle in liquid nitrogen and homogenized 
with a Brinkmann polytron continuously for 2 ruin on 
ice. Total RNA is isolated as described by Colbert et 
51- ? " :: - ^tl. A cac. Sci. ( 1983 ) 80:2248-2252 using 
tr.2 extraction buffer described by Facciotti et al., 

10 Bio/Tech (1985) 3:241-246 and pelleted through a high- 
density CsCl solution on a Beckman type 50Ti rotor as 
described by Turpen and Griffith, 3ioTechniques (1986) 
4:11-15. ?oly(A) + RNA is isolated as described by 
Maniatis et al.. (1982 ). Contaminating sucrases are 

15 removed from the samples by washing with Sigmaceii ^ type 
50 in 20 mM Tris-HCl, pH 7.5, 0.5 M NaCl, 1 mM EDTA , 0.1% 
SDS . 

RNA Probe Preparation 

20 A J ?-labeied RNA probe complementary to the gene 

of interest is synthesized using a Riboprobe kit (Promeca 
Biotecn ) , according to the manufacturers instructions, and 
labeling with a 32 ?-rUTP, according to the manufacturer's 
instructions. The probe to the levansucrase gene was 

25 synthesized from the T7 promoter of the plasmid pCGN499 
( see supra ) . 

Analysis 

mRNA isolated from leaves of transformed plants 
30 is denatured and elect rophoresed as described by Shewmaker 
et a_i . , Virology (19 85 ) 14_0: 281-288 . The gels were 
blotted overnight against 2 Ox SSC (2 Y sodium chloride, 
0.3 M sodium citrate, pH 7.0) tne nitrocellulose filters 
baked at 80°C for 2 hrs and then hybridized at 5C°C in the 
35 hybr icization buffer suggested by the Riocprooe manufac- 
turer containing 0.5 mg/mi denatured yeast t RNA , 0.5 mc/mi 
denatured salmon sperm DNA , and 0.25 mg/ml pc 1 ya ne t nc 1 e- 
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sulfonic acid. Blots are then washed at 5 5 °C fcr 30 mm 
and twice at 65°C fcr 30 mm each in buffer as described 
by the Ribcprcbe manufacturer. Contaminating nbosomal 
RNA is removed from the blots by washing them with 1 m/m: 
ribonuclease m 2x SSC at 25 ° C . 

As shown in Figure 12, two of the transformed 
plants analyzed hybridized to the levansucrase probe, 
although only one of the consmicts was producing a full 
length transcript. Analysis of m.RNA from ripe fruit from 
the r.ransf crmants gave the same results. 



Analysis of T;mato Fruit for Sucrase Activity 

Protein is isolated from green fruit from a 
transformed plant, which appears from Northern analysis to 

15 be producing a full length transcript of the gene of 

interest, and from green fruit of ncnt ransf crmed Calgrande 
plants as a negative control. The method used is as 
follows. Fruit is frozen then allowed to thaw in 1.5 M 
NaCl, 0.1 M sodium citrate, pK 6 buffer, ground in a 

20 mortar and pestle, then homogenized using a Poiytron for 
3 mm at 4°C. Large debris is removed by cent r if ugation 
twice at 5500 x g. The supernatant is then brought to 95% 
(NH 4 ) 2 S0 4 . After stirring for 1 hr at 4°C the samples are 
centrifuged and the protein precipitate is resuspended in 

25 10 ml of 0.05 M K?0 4 buffer, pH 5. -he samples are then 
diaiyzed overnight against 0.05 M K?^«, pH 6, centrifuged 
to remove any precipitants mc Supernatant analyzed 

for levansucrase activity. 

Levansucrase was isolated from 3aci llus subtilis 

30 strain QB1I8 as described by Dedonder, Methods in Enzvmol. 
(1965) 3:500-505. 3riefly, the supernatant from a one- 
liter 14-nr culture grown in FcL3 (5 g/1 yeast extract, 
10 g/i tryptone, 5 g/i NaCl) containing 10 g/1 glucose at 
30°C was isolated and pH adjusted to 4.2 by addition of 

35 acetic acid. Cold ethane! (2-4°C) was gradually added to 
48% and stirred continuously at 4°C fcr 20 mm tnen cen- 
trifuged tc pellet tne proteins. me pellet was dissolved 
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in 20 ml cf 0.05 M KPC and ciaivzed overnicht ccainst 50% 
(NH,)nSO M cH 5 , at 4°C cverniaht. The samDie was then 
cen t r i f uged and the supernatant ciaivzed against 55% 
(NH.USOw oH 5, at 4°C cverniaht. Again the samoie was 
5 centrifugec and the supernatant was diaiyzed against 95% 
(NH„)~)SO,, oH 5, at 4°C cverniaht. The samoie was then 
centrifugec tc pellet the proteins and the pellet was 
< -suspended 5 mi of 0.05 M KPO„, pH 5, and dialv^ed 
against 0.05 M K?0 4 , pH 5, at 4 C C overnight. 
10 Dext ransucrase process a radioactive polymer only 

from sucrose labelled in the glucose molecule cf sucrase, 
while ievansucrase produces a radioactive polymer only 
from sucrose labeled in the fructose molecule of 
sucrose. The protocol for listing labelled [ glucose- 1 4 C ] 
15 as required in analysis of dext r ansucrase is discussed 
above. 50 ui of the supernatant obtained as above was 
added to reaction tubes containing O.luCi of dried sucrose 
[ f ructcse- 14 C ] and 50ul of reaction buffer (0.05M K?0 4 , 
pE6, 0.0 1M sucrose, 20mg/ml levan (10,000 MW) . The 
20 reaction tubes were incubated at 30°C and sampled at 

various times for the incorporation of l4 C into polymer by 
spotting aiiquots of each reaction onto Whatman No. 1 
filter paper. The filters were then washed in methanol as 
described supra for analysis of dext ransucrase . 
25 The above results demonstrate that plant species 

can be transformed efficiently with expression cassettes 
which provide for expression cf a heterologous gene for a 
carbohydrate polymer synthesizing enzyme such as a 
bacterial dextran or Ievansucrase. As evidenced by the 
30 above disclosure, plant species are provided which express 
a bacterial Ievansucrase or dext ransucrase gene and as a 
result may nave modified solids content witnout adverse 
effects on the normal production capabilities cf the 
p i a n t . 

25 Ail publications and patent applications 

mentioned ;n this soecifi cation are indicative cf the 
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invention pertains. Ail publications and patent 
applications are herein incorporated by reference to the 
same extent as if each individual publication or patent 
application was specifically and individually indicated to 
5 be incorporated by reference. 

The invention now being fully described, it will 
be apparent to one of ordinary skill in the art that many 
chances and modifications can be made thereto without 
departing from the spirit or scope of the appended claims. 



WO 89/12386 ' V M PCr/LS89/02729 



WHAT IS CLAIMED IS : 

1. A method for modifying the soluble solids 
composition of a plant cell, said method comprisir.c: 

5 growing plant ceils comprising at least one copy 

of a foreign gene encoding an enzyme capable of polymer- 
izing a carbohydrate comprising at least one hexose moiety 
to ::r-i a polymer under conditions wherebv said gene is 
expressed and the soluble solids composition of said plant 
10 ceils is modified. 

2. The method according to Claim i, wherein 
said carbohydrate is sucrose. 

1 5 3. The method according to Claim 2, wherein 

said enzyme is dext ransucr ase or levansucrase. 

4. A method for modifying the soluble solids 
composition of fruit, said method comprising: 

growing a plant comprising cells containing at 
least one copy of an expression cassette comprising, in 
the 5'-2' direction of transcription, a transcriptional 
and t ranslational initiation region active in a fruit 
ceil, a DNA sequence encoding an enzyme capable of 
polymerizing a carbohydrate comprising at least one hexose 
moiety to form a polymer, wherein expression of said DNA 
sequence is regulated by said initiation region, and 
translat ional and transcriptional termination recions 
functional in a plant cell, under conditions whereby said 
DNA sequence is expressed and the soluble solids 
composition of said fruit is modified. 



20 



25 



30 



5. A plant cell capable of producing s:c:ase at 
an enhanced level, said cell comprising: 
- 5 a ~ least cne copy of a sucrase gene, wnerem said 

cell was obtained by inserting into said cell, :: a parent 
of said cell, an expression cassette, prepared in vitro, 
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comprising a sucrase gene under the transcriptional and 
translational control cf transcr ipticnal and translational 
initiation and termination regulatory regions functional 
in said cell. 

5. The plant cell according to Claim 5, wherein 
said sucrase gene is a levansucrase gene or a 
dextransucrase gene. 

7. The plant cell according to Claim 5, wherein 
said plant cell is a fruit cell or a seed cell. 

8. The plant cell according to Claim 6, wherein 
said plant cell is a tomato plant cell. 

9. A plant producing increased levels of 
sucrase, said plant consisting essentially cf: 

cells obtained by inserting into said ceils, or 
parents cf said cells, an expression cassette, prepared in 
vitro, comprising a sucrase gene under the transcriptional 
and translational control of transcriptional and 
translational initiation and termination regulatory 
regions functional in said cells, whereby said cells 
produce increased levels of sucrase. 

10. The plant according to Claim 9, wherein said 
sucrase gene is a levansucrase gene or a dext r ansucr ase 
gene . 

11. A tomato plant comprising ceils producing 
levansucrase or dext ransucrase . 

12. The plant according to Claim 11, wr.erem 
said cells are fruit cells. 

12. An expression cassette comprising a 
transcriptional and translational region functional in a 
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plant cell, a DNA sequence encoding levansucrase , and a 
transcriptional termination regulatory functional in a 
plant cell. 

5 14. A plant cell comprising an expression 

cassette of Claim 13. 

13. A DMA f ragmen r -t Ic-ast s-'bs tan -._ lolly 
homologous with a DNA sequence encoding dextransucrase 
10 obtainable from L. mesenteroides . 

16. A DNA fragment comprising L . mesenteroides 
dextransucrase structural gene. 

-5 17. A DNA fragment comprising the DNA sequence 

shown in Figure 4. 

18. The DNA fragment according to any one of 
Claims 15, 16, or 17, wherein said fragment is joined to a 

20 heterologous DNA sequence. 

19. A DNA construct comprising a DNA sequence 
encoding dextransucrase obtainable from L. mesenteroides 
joined to a heterologous DNA sequence. 

25 

20. The DNA construct according to Claim 19, 
wherein said heterologous DNA sequence is a 
transcriptional and t ranslat icnai initiation region 
functional in a Dlant cell. 
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21. The DNA construct acccording to Claim 20, 
wherein said transcriptional and t ranslat icnai initiation 
region is active at or immediately after antnesis and 
curing fruit ripening. 

22. The DNA construct according to Claim 21, 
wnerem said initiation reaion is tne 2A11 initiation 
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23. An expression cassette comprising: 

in the 5 ' - 3 1 direction of transcription, a transcriptional 
and translaticnai region derived from 2A11; a first DNA 
5 sequence encoding dex t ransucrase or ievansucrase , and a 
transcriptional and t ranslat ional termination regulatory 
region functional in a plant cell. 

24. An expression cassette according to Claim 
10 23, further comprising: 

a second DNA sequence encoding a transit peptide 
joined in reading frame at the 5* terminus of said first 
DNA sequence, wherein said second DNA sequence is derived 
from a gene encoding an apoplast polypeptide. 

15 

25. An expression cassette according to Claim 
24, wherein said apoplast polypeptide is tomato poly- 
galacturonidase. 

20 26. A cell comprising a DNA construct according 

to Claim 25. 

27. The cell according to Claim 26, wherein said 
cell is a plant cell. 

25 

28. The ceil according to Claim 27, wherein said 
plant cell is .in vivo . 

29. The cell according to Claim 28, wherein said 
30 plant is tomato. 

20. The cell according to Claim 29 comprising: 
a DNA construct according to any one of Claims 
20, 21, 22, 23, 24, and 25. 
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21. A polypeptide comprising: 

a sucrase joined to a plant apcplast transit 



oeotiae secuence. 



32 . 



The polypeptide according to Claim 21, 



wherein said sucrase is dex t r ansucrase or levansucr ase . 

33. The polypeptide according to Claim 32, 
wherein said dext ransucrase is L. m esen teroides 

10 dextr an sucrase. 

34. The polypeptide according to Claim 31, 
wherein said plant apoplast transit peptide sequence is 
derived from tomato polygalacturonase. 
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4 j | As a " »«arcna D iecia<ms could be searched without efl 0 rt lu siiiy.ng an 

m*iie Daymen" 

Remam on Protest 

: I additional search tees were accompan.ed by aooncan: s protest. 

; ! No orotest accompanied the payment ot additional search lees 
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FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications unGer the PCT. 



aT 


Austria 


n 


Finland 


ML 


Mail 


aU 


AuSirall2 


FR 


France 


MR 


Mauritania 


BB 


Barbados 


G\ 


Gabon 


MW 


Malawi 


BE 


be i&jum 


GB 


United Kingdom 


NI- 


Ne-.neriands 


BF 


burtina Fasso 


r nj 


Hungary 


NO 


Norway 


BG 


Bulgaria 


n 


i Laiy 


RO 


Roma n 1a 


BJ 


Benin 


jp 


Jaoan 


SO 


^uCan 


BR 


Brad 


KP 


Democrat* Peop>e's Rcouoikc 


SI 


5 <*cden 


CF 


Ccni/al African Republic 




of Korea 


SN 


Senegal 


CG 


Congo 


K R 


RepuClw: of Korea 


SL' 


so**: Union 


CH 


Switzerland 


J 


Ltecrnensiein 


TD 


Chad 


CM 


Cameroon 


LX 


%n Lam a 


TG 


T ogo 


oz 


Germany FeScra: Rcr;ub'»c of 


UU 


Luxcm bo*jrg 


US 


Jnitec: States 


DK 


Oenmark 


%v: 


Monaco 






ES 


Spam 


MG 


Madagascar 







of A mertca 



